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INTRODUCTION 
Cytoplasmic pollen sterility and pollen fertility restorer 
genes are used extensively in the Corn Belt of the United 
States as tools In production of hybrid com seed. These 
breeding and seed production tools have reduced the cost of 
seed production because they eliminate mechanical detasseling. 
Resultant reduced costs of seed production are offset by 
increased costs of breeding incurred in the transfer of cyto­
plasmic pollen sterility and restorer genes to adapted geno­
types. 
Many studies have shown that cytoplasmic pollen sterility 
and pollen fertility restorer genes, used singly or jointly, 
may have effects on characters other than pollen production. 
Most of the characters studied have been of agronomic interest. 
The European corn borer is of major importance to corn 
production in the United States through direct and harvest 
losses. Corn genotypes resistant to the corn borer have been 
identified and are used successfully in reducing economic 
losses resulting from infestations of this insect. 
The purposes of the present study were: (1) to determine 
if pollen fertility restorer genes, from different sources, 
and pollen-sterile cytoplasm affected corn borer resistance of 
single-cross hybrids and iZ) to determine if effects of male-
sterile cytoplasm and restorer genes sources were constant over 
genotypes and environments tested. 
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Knowledge of the main effects of pollen-sterile cytoplasm 
and of genes for restoration of pollen fertility is important. 
However, the plant breeder and seed producer are more inter­
ested in whether or not these effects are constant over geno­
types and environments. 
Recent shifts in corn cultural practices to greater use 
of single-cross hybrids, higher fertility levels particularly 
nitrogen, and higher plant populations increase the necessity 
to determine the effects of environment x genotype and environ­
ment X cytoplasm interactions. 
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REVIEW OF LITERATUBE 
A voluminous amount of research on the European corn borer 
has been published. Prior to I96O this insect was recognized 
specifically as Pyrausta nubilalls (Hubner). Marion (1957) 
placed nubilalis in the genus Ostrinia, This change has been 
accepted and more recent literature appears under that specific 
name. 
Brindley and Dicke (19^3) have written an excellent review 
of significant developments in European corn borer research. 
Painter (1951) reviewed work directed to developing host plant 
resistance to this insect. Guthrie et al^. (I96O) reviewed a 
series of publications pertinent to leaf and sheath feeding 
resistance to the borer. Because these reviews are readily 
available, a general review of the literature would be 
redundant. 
As used herein the term "resistance" refers to anti­
biosis as defined by Painter (1951). The nature of host plant 
resistance to the corn borer has been under investigation for 
many years. Several facets of host plant resistance have been 
investigated as sources of resistant germplasm were identified 
and made available. This work included Investigations of 
entomological techniques in field and laboratory tests for 
resistance, the inheritance of resistance, plant breeding 
techniques to incorporate or intensify resistance and the 
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nutritional or biochemical aspects of resistance (Brindley and 
Dicke 1963). 
Methods of obtaining uniform field infestations of the 
corn borer, by manual applications of egg masses to corn 
plants, were developed as the investigations progressed (Vouk 
1930, Patch and Pierce 1933, Patch 1947, Guthrie ejt al. 1965). 
Results of these studies, and techniques evolved therefrom, 
materially aided searches for resistance to first generation 
borers (Neiswander et 1949, Dicke 195^, Guthrie et aJL. 
i960). Methods of evaluating resistance to first generation 
borers have developed to a high degree of utility and accuracy. 
One or two entomologists routinely can conduct extensive field 
tests for first generation resistance to leaf and leaf sheath 
feeding (Dicke 1954). 
These methods directly are applicable to studies of the 
Inheritance of resistance to first generation infestations. 
Many Investigations have shown that host plant resistance to 
leaf feeding by first generation borers is under genetic 
control. Reports of the work on inheritance of corn borer 
resistance, performed through June 1962, are summarized by 
Brindley and Dicke (I963). 
Scott et al. (1966) used chromosomal Interchanges to 
determine chromosome arms which carry genes for resistance to 
first generation borer leaf feeding in the resistant Inbreds, 
CI.3IA and B49. They concluded that Inbred CI.3IA has a gene 
or genes contributing to resistance on the short arms of 
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chromosomes 1, 2, and 4 and on the long arms of chromosomes 
4 and 6. They suggested that Inbred B49 has genes for resistr­
ance on the same chromosome arms plus an additional gene for 
resistance on the long arm of chromosome 8. They suggested 
further that genes for resistance on the same chromosome arms 
of the two Inbred lines are allelic. 
Studies of the types of gene action (Sprague I966) and 
Inheritance of resistance to leaf feeding have provided infor­
mation which enabled corn breeders to select more efficient 
and effective breeding methods for developing resistant geno­
types (Rubis 1954, Penny and Dicke 1956. Fleming-et al. 1958. 
Scott et al. 1964, Scott and Dicke 1965, Scott and Guthrie 
1967). 
Fleming et al. (1958) suggested backcrossing as a method 
of adding borer resistance to susceptible inbred lines having 
otherwise desirable traits, 
Scott et al. (1964) pointed out that, although some 
studies have Indicated simple inheritance of leaf feeding 
resistance, it is concluded generally that a high degree of 
resistance is a quantitatively inherited character. They also 
observed that the backcross method of introducing resistance 
into susceptible inbred lines has not been successful, except 
when the degree of resistance has been Intensified by an 
accompanying intercrossing program. They reported the types 
of gene action conditioning resistance of the resistant Inbred 
CI.^IA when crossed with the susceptible inbred B37. Most of 
6 
the genetic variance for resistance was of the additive type 
and only a small portion was of the dominant type. On the 
basis of these results, they suggested an efficient breeding 
program would be one which allows for or permits the accumula­
tion of desirable (resistance) genes. They suggested programs 
of recurrent selection or mass selection should be effective. 
Kowever, they restricted these suggestions to the assumption 
that inheritance of resistance is the same in all sources of 
resistance. 
Studies designed to test the assumption that Inheritance 
of resistance is the same in all resistant sources were 
reported by Scott and Dicke (1965). The results from diallel 
crosses Indicated some of the resistant lines used differed in 
gene(s) for resistance or had different proportions of the same 
genes and that the average degree of dominance for resistance 
was quite low. However, the constant parent regression and 
average dominance or potence (hp) values indicated the magni­
tude and direction of dominance differed among the resistant 
lines. Significant reciprocal differences in resistance 
ratings were detected among specific resistant x susceptible 
and susceptible x susceptible crosses. Differences between 
reciprocal crosses in two instances led them to suggest that 
specific cytoplasmlc-genotypic interactions may have occurred. 
They pointed out that simpler explanations, such as random 
deviations from expectation, might be more plausible. No 
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significant maternal differences within any of the groups, 
resistant or susceptible, were reported. 
Scott and Dlcke (1965) reported that resistance ratings of 
parental lines were in rather close agreement with the ratings 
of the progeny of hybrid combinations of parental lines. Rela­
tive differences among resistant lines were greater when 
crossed with susceptible lines than when crossed with resistant 
lines. They concluded that susceptible lines would be better 
tester parents for isolating resistant lines which is In agree­
ment with the views of Guthrie and Stringfleld {I96I). 
Scott and Guthrie (1967) tested the three permutations of 
12 double-cross hybrids, plus all possible single crosses among 
eight Inbred lines, for degree of first generation leaf feeding 
resistance. They reported that levels of resistance varied 
with the component number and degree of resistance of the 
resistant lines per double cross. Double crosses with three or 
more resistant lines in their pedigree had a high level of 
leaf feeding resistance. Double crosses containing two highly 
resistant lines had an acceptable level of resistance. Differ­
ences in double-cross permutations occurred primarily in 
hybrids composed of two resistant and two susceptible Inbreds. 
However, as compared to the total difference between resistant 
and susceptible crosses, the differences among permutations 
were small, 
Scott and Guthrie (196?) calculated predicted leaf feeding 
values for double crosses as the mean of the four nonparental 
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single crosses, according to Method B of Jenkins (193^)* They 
reported that differences between observed and predicted values 
of some permutations Indicated some type(s) of eplstatic gene 
action was important In the expression of. leaf feeding resist­
ance. They observed that the resistance rating scale lacked 
some adequacy in evaluating the resistant x resistant crosses. 
They pointed out that, even though the rating system may be 
inadequate for classifying all genotypes accurately, it is the 
best method available. They also discussed the possible 
limitations of the rating scale in determining type of gene 
action conditioning resistance. 
The roles, of nutritional and of other chemical compounds 
in host plant resistance to the European corn borer have been 
investigated over many years. Various aspects of investiga­
tions of feeding stimuli, feeding deterrents and larval growth 
inhibitors, conducted by S. D. Beck and co-workers at the 
University of Wisconsin, are presented by Beck (I965). A more 
recent discussion of the role(s) of benzoxazollnone conjugates 
and derivatives in resistance of corn (maize) to the first 
generation of the borer is presented by Klun and Brindley 
(1966). Other reviews are to be found in publications by 
Becton et (1962) and Guthrie e^ aj. (1965). 
Pesho et al. (1965) have identified sources of resistance 
to the second generation of the borer in corn and have 
described methods of testing for such resistance. 
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Literature about extrachromosomal inheritance also is 
extensive. This is particularly true In regard to cytoplasmic 
pollen sterility in corn (maize), Zea mays L. Jinks (1964) 
presents discussions of various theories and known instances of 
extrachromosomal inheritance. Supporting evidence presented by 
Jinks (1964) generally is from studies of lower plants or 
organisms, i.e., Neurospora sp., Aspergillus sp., Paramecium 
sp., etc. 
With the exception of cytoplasmic pollen sterility, a 
relatively small amount of work has been done to determine the 
effects of cytoplasm on characters of higher plants (Fleming 
et aj. i960. Jinks 1964, Duvlck I965. Srb 1966). 
Encouraged by the dramatic results of hybridization and 
heterosis in corn, plant scientists have Investigated and 
utilized several "sterility" systems. Discussions of genetic 
male sterility, self-Incompatibility systems, and cytoplasmic 
pollen sterility In higher plants are presented by Duvlck 
(1966). 
Partially because of certain disadvantages of genetic 
male sterility and self-Incompatibility systems, efforts have 
been concentrated on investigations and utilization of cyto­
plasmic pollen sterility (Duvlck 1959. I965. 1966). The 
economic advantages and ease of management of cytoplasmic 
pollen-sterility systems In corn breeding and seed production 
have led to wide acceptance of this method of corn hybridiza­
tion (Jones and Mangelsdorf 1951* Duvlck 1959. 1965). Duvlck 
10 
(1966) states that in 1962 it wnp estimated that, "hybrid corn 
produced via the cytoplasmic male-sterile method occupied 85 
per cent of the total corn acreage." 
Duvick (1965)  discusses the various sources of cytoplas-
ffiically induced pollen sterility in corn. In his summary and 
concluding remarks he states, 
"Cytoplasmic male sterility in corn is characterized 
by having two and (apparently) only two distinct 
forms, the USDA and the Texas. They are differ­
entiated by (1) genie requirements for fertility 
restoration (or conversely, by genes for plasmon 
sensitivity, (2) the degree of fertility of hetero­
zygous restored plants, and (3) the morphology of 
the anthers of partially sterile plants." 
Because of differences in degree of sterility of Corn Belt 
inbred lines in USDA and Texas cytoplasms, the Texas source of 
cytoplasmic pollen sterility is used more widely (Duvick 19^5)• 
Concurrent with the development and use of cytoplasmic 
pollen sterility in corn breeding and seed production, investi­
gations have been conducted of the effects of this sterility 
system on several plant characters (Duvick 1958, Noble 196I, 
Noble and Russell 19^3• Marquez-Sanchez 1964, Russell and 
Marquez-Sanchez 1966). These investigations have been con­
ducted by plant geneticists or plant breeders. Fitzgerald 
(1966) states, 
"By comparison, resistance to insects has received far 
less attention than breeding for yield, quality and 
disease resistance. Traditionally, plant breeders 
have worked alone or cooperated with plant patholo­
gists and only recently have entomologists become 
members of plant breeding teams." 
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For the reasons stated by Fitzgerald (I966) and for other less 
tangible reasons, the effects of cytoplasmic pollen sterility 
or restorer genes for pollen fertility on corn performance have 
been determined primarily by measurements of differences in 
agronomlcally important characters. 
Many comparisons have been made of the agronomic perform­
ance of corn genotypes in male-sterile cytoplasm(s) versus 
performance of the same genotypes in genetically restored or 
normally male-fertile cytoplasm(s). Differences in grain 
yield, because of the effects of cytoplasms, have been reported 
by many authors as summarized.by Duvick (1958, 1965), Noble and 
Russell (1963). Marquez-Sanchez (1964) and Russell and Marquez-
Sanchez (1966). These authors, reporting their work and the 
work of others, list Instances of differences in grain mois­
ture, flowering date, time of pollen shedding, number of 
tillers, plant height and number of leaves because of the 
effects of cytoplasms. There are also reports of differences 
in agronomic characters because of various first and second 
order interactions. These interactions include cytoplasm % 
environment (Rogers and Edwardson 1952, Duvick 1958); cytoplasm 
X genotype (Duvick 1958, Noble and Russell 1963. Russell and 
Marquez-Sanchez I966); cytoplasm x rate of planting (Duvick 
1958); and cytoplasm x environment x genotype (Duvick 1958. 
Russell and Marquez-Sanchez I966). 
In hybrid progeny of crosses in which cytoplasmic pollen 
sterility has been incorporated in the female parent, pollen 
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production is obtained by using a male parent that carries 
genes for restoration of pollen fertility in the presence of 
pollen-sterile cytoplasm. Noble (I96I), Noble and Russell 
(1963), and Duvick (1956. 1965. 1966) present resumes and dis­
cussions of the genetics of pollen fertility restoration in 
corn. Emphasis has been placed on fertility restoration in 
Texas pollen-sterile cytoplasm. Buchert (196I) has shown that 
a single major gene is responsible for restoration of pollen 
2 fertility in USDA cytoplasm and designated this gene Ef . 
Duvick (1965) points out that the superscript position, con­
ventionally, is used for designating members of an allelic 
series. Available evidence shows that major genes for restora­
tion of pollen fertility in Texas and USDA cytoplasms are not 
allelic. Therefore, Duvick (I965) suggested that the gene 
which Buchert (I961) designated Rf more appropriately should 
be designated Rf^. The major genes for restoration of pollen 
fertility in Texas pollen-sterile cytoplasm have been desig­
nated Rfj_ and Rf2 (Duvick I961, 1965). It has been shown that 
there are additional alleles at the rf^ locus which can cause 
partial restoration of fertility to Texas cytoplasm (Duvick 
1965. 1966). 
Pleiotropic effects of Rf^, Hf2» or of alleles at the rf% 
locus have not been demonstrated (Everett i960, Duvick I965. 
Russell and Marquez-Sanchez I966). Russell and Marquez-Sanchez 
(1966) suggest that pleiotropic effects of the Rf alleles may 
have been detected in their work; However, they suggest also 
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that linkages of other genes may have been responsible for 
differences detected in agronomic characters among some single 
crosses. They suggest further that eplstatic effects of the 
Rf alleles may have caused apparent differences among the same 
single crosses. 
Various comparisons have been made of the effects of 
different sources of restorer genes in the same genetic back­
ground, in different genetic backgrounds, in the same cytoplasm 
and in different cytoplasms. Most of this work is reviewed or 
reported by Noble (196I), Noble and Russell Marquez-
Sanchez (1964), Duvick (1965. 1966) and Russell and Marquez-
Sanchez (I966). In most of these comparisons the restorer 
genotype(s) of the restored inbred lines or hybrids are not 
specified. Many searches for naturally occurring restorer 
genotypes in corn have been made (Edwardson 1955« Buchert 1959, 
Gomez and Mercado 1962, Duvick 1965)• Duvick (1965) states, 
"It should perhaps be mentioned that virtually all 
genotypes examined appear to contain Rf2- This 
means that for all practical purposes one gene for 
fertility restoration of Texas cytoplasm, Ef^, is 
segregating in most types of corn. However, Rfj_ 
may have several alleles, in a multiple allelic 
series ..." 
Noble (1961) presented evidence supporting the'hypothesis that 
a multiple allelic series occurs at the rflocus. 
Duvick (1965) compared 67 nonrestorer (rf^rf^) three-way 
hybrids in normal cytoplasm with their restorer counterparts 
(Rf^rfj_), also in normal cytoplasm. The sources of Rf^ in 
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these hybrids were seven different naturally restoring geno­
types. His analysis Indicated the source of the Rfi gene had 
no significant effect on yield. He reported that linkages with 
Rf2, irrespective of the Rf^ source, had a significant effect 
on grain yield. 
Grogan (195^) reported that under stress conditions other­
wise normal detasseled corn showed a yield advantage. His 
explanation was that detasseling reduced competition between 
the ear shoot and tassel for available nutrients. Under stress 
conditions, the incidence of stunted or undeveloped ears was 
less in the detasseled plants than in the normal plants. 
Stringfield (1958) compared plants with restorer genotypes 
versus plants with nonrestorer genotypes. Both groups were in 
an adapted genie background and Texas pollen-sterile cytoplasm. 
Generally, the results showed that plants having the restorer 
genotype performed superior to plants having the nonrestorer 
genotype. 
Duvick (1958) accepted Grogan's (1956) explanation of the 
yield advantage of detasseled corn and suggested that cyto-
plasmically Induced pollen sterility may impart similar effects. 
In the same publication, Duvick reported no yield advantage of 
sterile hybrid SCI over normal SCI under stress conditions. 
In addition, he reported that at low planting rates the sterile 
hybrids yielded less grain than normal hybrids. In his 1958 
and 1965 publications, Duvick cautions that it is necessary to 
distinguish between the effects of cytoplasm, per se, and 
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secondary effects of cytoplasm, such as pollen sterility or 
reduced production of fertile pollen. 
Everett (i960) crossed 14 nonrestorer inbreds, as male 
parents, with fertility restored NE3IO. He compared pollen-
sterile versus pollen-fertile segregants from these.crosses. 
No significant differences in yield of grain or percent grain 
moisture were detected. 
The inbred WF9 is known to be recessive for the major 
complementary genes responsible for restoration of pollen 
fertility in the presence of Texas pollen-sterile cytoplasm 
(Duvick 1956, Noble and Russell 1963). Noble and Russell 
(1963) compared progenies from crosses using WF9Tcms or WF9 as 
the tester parent, and the nonrestorer inbreds 314, Hy, and B6, 
or recovered restorer lines of these latter inbreds as male 
parents. 
Results of their tests supported the conclusion that the 
restorer genes in normal cytoplasm had no detectable effect on 
mean grain yield or on mean number of days between silking and 
pollen shedding. 
In the analyses of variance of the yield data. Noble and 
Russell (1963) detected significant differences, because of the 
effects of cytoplasms, in test-cross progeny involving the 
inbred_Bl4. In test-cross progeny Involving Hy, they detected 
significant differences in grain yield because of the effects 
of the interaction of cytoplasms with recovered lines. They 
concluded that yield of recovered restorer lines in sterile 
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cytoplasm was reduced as compared to yield of the recurrent 
parents and recovered restorer lines in normal cytoplasm. 
A highly significant interaction of cytoplasms x lines in 
the tests of Hy restored sublines was attributed to one sub­
line which yielded more grain when crossed to WF9Tcms than when 
crossed to WF9. In their opinion this reversal was due, more 
likely, to differences in seed quality than to a genetic effect 
or chance variation, ' They observed that yield differences 
among single-cross progenies, because of the effects of pollen-
sterile cytoplasm or restorer genes, may be expected to be 
small. Consequently, they emphasised the Importance of experi­
mental procedure, choice of experimental design, and adequate 
replication in tests of this type. 
Russell and Marquez-Sanchez (1966) reported the results of 
experiments conducted in each of two years at two locations. 
Prom single-cross progeny, they obtained data on grain yield, 
grain moisture, date of silking and date of pollen shedding. 
Types of cytoplasms, pollen fertility restorer genes, or both 
affected characters other than pollen fertility in hybrids. 
They detected very small or no differences between progeny of 
crosses of normal cytoplasm x recovered restorer lines and 
normal cytoplasm x nonrestorer lines. The lack of differences 
indicated the restorer gene(s), per se. had no measurable 
effects. 
The grain yield data indicated that, generally, yield of 
the single-cross hybrids was not affected when both Texas 
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pollen-sterile cytoplasm and restorer genes were present. How­
ever, significant effects on yield were observed in a few 
single crosses, indicating the presence of interactions between 
male-sterile cytoplasm and. the restorer gene(s). Because these 
interactions were observed only in a few single crosses, they 
concluded that the effects of such interactions could be 
expected to be decreased or diluted in double-cross combina­
tions . 
Significant differences in grain moisture were detected 
in all experiments reported. These differences were attributed 
to the effects of cytoplasm types, sources of restorer genes 
and several interactions of these factors with testers and 
restorer lines. The observed differences were small and were 
Judged to be of no practical importance. 
Dates of pollen shedding were delayed to a highly signif­
icant degree in the presence of Texas pollen-sterile cytoplasm. 
This delay was consistent over all environments and single 
crosses but the degree of delay varied among tester and 
restorer parents. 
Pollen-sterile cytoplasm, when compared with normal cyto­
plasm, in the presence of restorer genes, generally resulted in 
earlier dates of silk emergence. This effect also varied among 
testers and lines. As a result of changes in dates of pollen 
shedding and silk emergence, the interval between these events 
generally was reduced in crosses involving Texas pollen-sterile 
cytoplasm. These changes were judged to be of no practical 
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importance In normal environments but could be important in 
certain stress environments. 
Noble and Russell (1963) also reported on studies involv­
ing inbred lines which are natural restorers of pollen fertil­
ity. They evaluated single-cross progeny of testers WP9 and 
WF^Tcms crossed with the natural restorer inbred lines, Ky21, 
K55, K63, Txl27c, TxGJ39, and Ial53. In other experiments they 
evaluated single-cross progeny of testers CI06 and C106Tcms 
crossed with the natural restorer inbred lines, Ky21, K55, 
Txl27c, and TxGJ39. 
Paired comparisons {WF9 x Ky21 versus WF9Tcms x Ky2l) of 
mean yield and mean grain moisture showed no significant 
differences. These results were consistent for both testers. 
However, single crosses with Texas pollen-sterile cytoplasm 
showed a yield decrease of 3.1^ when compared with single 
crosses with normal cytoplasm. 
Paired comparisons of the interval between dates of silk­
ing and pollen shedding detected significant differences during 
both years and in crosses involving both WF9 and CI06. In i960 
crosses of WF9Tcms with the restorer inbreds, Ky21, K63, and 
Txl27c, produced single-cross progeny In which the interval 
between silking and pollen shedding was decreased signifi­
cantly. In the same year similar results were obtained for 
crosses of ClOéTcms with Ky21 and Txl27c. In I96I crosses of 
WF9Tcms with Ky21, K63. and Ial53. also produced progeny in 
which this interval was decreased. 
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The greatest difference between Intervals of pollen shed­
ding and silking was detected in the paired comparison of the 
cross, WF9 x K63 versus Wf^Tcms x K63. Among progeny of the 
latter cross, pollen shedding occurred, after silking. With the 
exception of K63 crosses, all crosses with sterile cytoplasm 
appeared to shed as much pollen as crosses with normal cyto­
plasm. 
In other experiments Noble (I96I) studied the inheritance 
and genetics of pollen fertility restoration of the inbreds, 
Ky21, K55, K63. T'xl27c, Ial53. TxGJ39, and Oh29. His results, 
in conjunction with those reported by Noble and Russell (1963), 
suggested that K55 and TxGJ39 may differ from Ky21 and Txl27c 
in alleles at the major fertility restoration loci or in a 
modifier complex. The most substantive evidence used to sup­
port this suggestion was the observation that K55 and TxGJ39 
crosses with sterile cytoplasm did not show much change in the 
pollen shedding-silklng interval. This suggestion was in con­
trast to results of genetic studies reported by Noble (I961) 
which indicated that inbreds, Ky21, K55. Txl27c, and TxGJ39 
possess the same complex for genetic restoration of pollen 
fertility. 
Marquez-Sanchez (1964) evaluated progeny of single crosses 
Involving the four inbreds, natural, pollen fertility restorers, 
Ky21, K55, Txl27c, and Ial53. These natural restorer lines 
were crossed with the tester Inbreds, WF9, Oh43, CI06., and B14. 
Tester inbreds were represented in normal and in Texas pollen-
20 
sterile cytoplasm. Source of the pollen-sterile cytoplasm was 
inbred Tx203cmsv Data were collected on dates when 50^ of the 
plants had shed pollen and had silk emergence, yield in pounds 
of unshelled grain, and percent grain moisture. Dates of 
pollen shedding and silk emergence were used to determine the 
intervals between these events. 
In the analyses of all characters studied, highly signif­
icant differences were detected among natural restorer sources 
and among testers. These differences were highly significant 
in the analyses of within years and combined data. Similarly, 
all interactions of testers with natural restorers were sig­
nificant. 
Progeny of single crosses of cytoplasmic pollen-sterile 
inbreds with the natural restorer inbreds showed an average 
grain yield reduction of 2.7# when compared with the normal 
cytoplasm counterparts. When compared among the natural 
restorer lines, yield differences between cytoplasm types did 
not vary to a significant degree. Yield comparisons among the 
l6 genotypes involved resulted in the detection of a cytoplasm 
X genotype interaction which was significant at the 10# proba­
bility level. None of the interactions involving cytoplasms 
and the other factors was significant. 
Although highly significant differences in grain moisture 
were detected because of the effects of natural restorers and 
testers, similar differences were not detected because of the 
effects of cytoplasm types. A highly significant interaction 
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of cytoplasms with testers was detected in one yçar but not in 
the other year. Consequently, a highly significant interaction 
of cytoplasms x testers x years was detected in the analysis of 
the combined grain moisture data. 
In progeny of crosses involving Texas pollen-sterile cyto­
plasm, pollen shedding was delayed and silk emergence was 
earlier than in progeny of the normal cytoplasm counterparts. 
The effects of restorers, testers, and genotypes caused differ­
ences in time of silk emergence among progeny with Texas 
pollen-sterile cytoplasm. 
The average difference between dates of silking and pollen 
shedding was 0.9 day in progeny of crosses having Texas 
pollen-sterile cytoplasm. In progeny of crosses having normal 
cytoplasm, this average difference was 1.5 days. The differ­
ence between these averages was significant in both years. 
Decreases in yield, because of the effects of Texas 
pollen-sterile cytoplasm, were considered to be of no practical 
importance. However, they were considered biologically impor­
tant because they indicated the cytoplasm is a significant part 
of the environment in which the genotype functions. 
Generally, it was concluded the magnitude of the effects 
of pollen-sterile cytoplasm was a function of genotype of the 
hybrid and of the environment in which particular comparisons 
were made. 
Fleming ^  al. ( i960)  reported on a series of experiments 
which indicated possible cytoplasmic effects on agronomic 
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characters of corn hybrids. In 1952 they grew the yellow 
double-cross hybrid, GAC0211, and a white double-cross hybrid. 
Each hybrid was grown in four permutations. The permutations 
were such that four variants, with the same genotype but 
different cytoplasms, were obtained for the white and yellow 
hybrids respectively. 
It was believed that differences between permutations 
within a hybrid could be attributed to the hereditary effects 
of the cytoplasm from different parental inbreds. Performance 
of double-cross permutations was evaluated in terms of planned 
observations of maturity, plant and ear heights, root and stalk 
lodging, average number of ears per plant, grain yield, and 
grain moisture content. 
In 1952 when inbred GAI72 provided the cytoplasm of the 
yellow double cross, the double cross yielded significantly 
more grain than when inbreds GT112 or GA199 provided the cyto­
plasm. Other differences were reported which approached 
significance at the probability level. Among the permuta­
tions of the white hybrid, more "budworm damage" (a colloquial 
name for the fall armyworm or earworm (Blickenstaff 1965)) was 
reported in the presence of inbred GA24 cytoplasm than in the 
presence of inbred Lc33 cytoplasm. The 1952 data were obtained 
under conditions of extreme drought. 
In 1957 and 1958 they grew only the yellow double-cross 
hybrid. This hybrid was grown in the same permutations used 
in 1952. They reported differences in maturity, in plant and 
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ear height, In number of erect plants per plot and In grain 
yield, which they attributed to the effects of cytoplasm. 
Differences among the permutations in maturity, in plant 
height and in ear height generally were in thé same direction 
as the performance of the inbred which provided the cytoplasm. 
Differences between cytoplasmic sources were reported for 
one year but not for another year. Therefore, these authors 
reported the existence of a "plasmagenic-environmental" inter­
action. 
They suggested that, in putting together a commercial 
double-cross hybrid, a conscious effort should be made "to 
bring together the cytoplasm and genotype which give the most 
efficient production in the final cross." A parallel sugges­
tion was made by Russell and Marquez-Sanchez (1966) in regard 
to the evaluation of single crosses developed for commercial 
use which contain male-sterile cytoplasm and pollen fertility 
restorer genes. 
Mercado and Lantlcan (I96I) reported on resistance to the 
leaf spot disease caused by Helmlnthosporlum maydls Wish, and 
Miy. in corn Inbreds, single crosses and double crosses during 
the wet season of I96I. They used 12 standard Philippine 
inbred lines in which cytoplasmic pollen sterility from P44T 
had been incorporated. Without exception the pollen-sterile 
inbreds were found to be more susceptible to this disease than 
their genetically Identical counterparts in normal cytoplasm. 
Increased susceptibility also was observed In single- and 
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double-cross progeny of crosses in which the pollen-sterile 
inbreds were used as female parents. 
They used a system of backcrossing for seven generations 
to recover the phenotype of the standard inbred in which cyto­
plasmic pollen sterility had been incorporated. In theory, 
this backcross procedure should have yielded pollen-sterile, 
Inbred populations in which more than 99^ of the genetic 
factors possessed by the recurrent parent were recovered. They 
stated, 
"If reaction to Helminthosporivun disease were geneti­
cally controlled, then the majority of the cyto-
sterile backcross progenies should have been as 
resistant as the normal inbred counterpart." 
The failure to recover disease resistance in the backcross 
progeny led these authors to hypothesize a hereditary trans­
mission of HeIminthosp.orlum susceptibility based on extra-
nuclear inheritance. Severity of disease infection apparently 
was Influenced by the degree of genetic heterozygosis with the 
most severe Infections among the inbreds, less severe infec­
tions In the single crosses, and least severe infections in 
the double crosses. Pollen-sterile individuals recovered at 
the fourth and later generations of backcrossing were more 
severely infected than in pollen-sterile progenies. 
Villareal and Lantican (1964) used the inbred lines, Phl5. 
Ph3, Ph9 and Phil in pollen-sterile F44T cytoplasm and in 
normal cytoplasm to study the effects of F44T cytoplasm on 
yield and other agronomic characters. The first three Inbreds 
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also were used in the studies reported by Mercado and Lantican 
{1961). They tested these inbred parents in two. groups of 
crosses during the dry seasons of 1961 and 1962. The first 
group was composed of reciprocal backcrosses of the lines Ph3 
and Phl5 in normal cytoplasm and in pollen-sterile cytoplasm 
in the presence of pollen-fertility restorer genes. The second 
group consisted of reciprocal three-way crosses using the 
inbreds Ph3 or Phl5 in normal cytoplasm as the inbred parent 
and the cross Ph9^T x PhllRf as the single-cross parent. They 
reported that the pollen-sterile cytoplasm had no measurable 
effect on grain yield, date of silking, date of tasseling, 
grain moisture, ear height., plant height and rust infection. 
Villareal and Lantican (I965) presented supporting evi­
dence which they believed was confirmation of the hypothesis 
presented by Mercado and Lantican (I96I) that susceptibility to 
Helminthosporlum leaf spot in corn Is cytoplasmlcally inherited. 
Villareal and Lantican (I965) used five groups of crosses of 
the Inbred lines, Phi, Ph3, Ph9. Phlla, Phl5 and Phi?, all of 
which are resistant to Helminthosporlum mayd is Nlsh. and Kly. 
They also used P44T as the source of pollen-sterile cytoplasm. 
Their experiments were conducted during both the wet and dry 
seasons of I962. During the wet season natural infections of 
the plants by the leaf spot organism occurred. During the dry 
season, a suspension of infectious spores was sprayed on the 
plants at the early seedling and silking stages of development. 
During the dry season overhead irrigation was used to insure 
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conditions favorable to the spread of infections of the dis­
ease . 
Groups of crosses used were: (a) reciprocal backcrosses 
differing in cytoplasmic background, (b) reciprocal three-way 
crosses and their F2 progeny in normal and pollen-sterile 
cytoplasm, (c) the inbred lines in normal and pollen-sterile 
cytoplasm, (d) the normal inbred lines and their pollen-sterile 
counterparts at the fourth, fifth and sixth generations of 
backcrossing and (e) and BC^ generations between F44 and 
Phl5 differing in cytoplasmic background. The use of a pollen-
fertility restoration factor, naturally occurring in the inbred 
Phlla, permitted the production of reciprocal crosses. 
Irrespective of type of cross or generation, analyses of 
their data showed highly significant differences, in disease 
Infection between progenies with normal cytoplasm and progenies 
with pollen-sterile cytoplasm. They also reported equal sus­
ceptibility of pollen-sterile lines in the presence and absence 
of fertility restoration genes. These results indicated no 
alterations in degree of susceptibility conferred by pollen-
sterile cytoplasm because of the effects of restorer gene(s). 
Distinct differences in disease susceptibility between normal 
and pollen-sterile lines were observed In both seasons. 
Because they detected no diminution of susceptibility in the 
presence of pollen-sterile cytoplasm between succeeding back-
cross generations or in F2 populations, they eliminated the 
possibilities of dauermodlfIcations (Casparl 19^8). 
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Chinwuba et ( I96I )  reported on the main effects and 
interactions of detassellng, nitrogen level, and within-row 
plant spacing on a pollen-fertile single cross and Its cyto­
plasmic pollen-sterile counterpart. They reported highly sig­
nificant differences in grain yield because of the main effects 
of pollen sterility, plant spacing, nitrogen level and detas­
sellng. They also reported highly significant interactions of 
sterility by spacing, nitrogen by spacing, sterility by detas­
sellng and sterility by spacing by detassellng. Because the 
interaction nitrogen by detassellng was not significant, the 
effects of nitrogen level were not reported. 
At plant spaclhgs of 6 and 12 inches, highly significant 
differences in yield were detected in the comparisons: non­
detasseled sterile versus nondetasseled fertile and detasseled 
sterile versus nondetasseled fertile. At the 6-lnch plant 
spacing highly significant yield differences were detected 
between detasseled fertile and nondetasseled fertile plants. 
In the preceding comparisons Increased yield was reported in 
the male-sterile plants and in the detasseled fertile plants. 
These results supported their conclusion'that the male-sterile 
single crosses outylelded their fertile counterparts at high 
plant populations. 
These authors also concluded that, if reductions in yield 
from mechanical injury of detassellng and the initial stages 
of pollen development before removal of tassels were con­
sidered, the male-sterile single cross reacted similarly to 
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the detasseled fertile single cross at different plant popu­
lations. 
They assumed reaction to the stress of decreased plant 
spacings would be similar to reactions to stresses resulting 
from drought or "poor" soil. They presented the conjecture 
that increased grain yield of the male-sterile plants and the 
detasseled plants, under stress, was a result of a greater 
supply of available nutrients for ear production. 
Sanford et aj. (1965) reported on nitrogen uptake and 
nitrogen distribution among plant parts of a pollen-fertile 
single cross, its cytoplasmic pollen-sterile counterpart, and 
the component prolific inbred lines. 
They reported no significant differences in nitrogen 
uptake by leaves or stalks of the hybrids at any single 
sampling. Significant differences between hybrids were 
reported in nitrogen uptake by the tassels, ears and husks. 
Where differences In nitrogen uptake In the ears and husks 
occurred, greater uptake was by the sterile hybrid. Before 
pollen shed, tassels of the fertile hybrid contained signifi­
cantly more nitrogen than tassels of the sterile hybrid. 
Differences in nitrogen content of the tassels of the two 
hybrids tended to disappear after pollen shed. 
Total nitrogen uptake and grain yield were higher in the 
male-sterile hybrid than In the fertile counterpart. Observed 
yield and nitrogen uptake differences between the hybrids also 
were reported in the fertile and corresponding sterile inbreds. 
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Higher yield of the sterile strains was associated with a 
greater number of ears per plant, rather than with weight per 
ear. 
During the early stages of ear development, ears of 
pollen-sterile plants contained a higher percentage of nitrogen 
than ears of fertile plants. Their data suggested that pollen 
production by the fertile entries reduced the supply of 
nitrogen and other nutrients available during the early ear 
development stage. These authors suggested that, 
"Since the sterile entries did not produce pollen, 
the N and other nutrients ordinarily used in this 
process may have been instrumental in the initia­
tion of the greater number of ears that eventually 
developed in the sterile strains." 
Bruce et el. (I966) reported on the effects of soil water 
tension regimes and nitrogen levels on the growth and fruiting 
of a pollen-sterile single cross and its pollen-fertile 
counterpart. These authors measured plant height, leaf area 
index, grain yield, ear development and ear size. 
The male-sterile hybrid was shorter than the fertile 
hybrid at anthesis. At maximum plant height, plants grown at 
the low soil water tension regime were significantly taller 
than plants grown at the high soil water tension regime. Leaf 
area index measurements showed a close correlation with plant 
height measurements. Only small differences in leaf area 
index were reported between the pollen-fertile and sterile 
hybrids. In the analyses of the leaf area index data an 
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interaction of nitrogen level and soil water tension regime 
was reported. 
Irrespective of year the sterile hybrid outyielded the 
fertile hybrid. Yield was higher at the low soil water tension 
regime than at the high soil water tension regime. Differences 
in grain yield between the fertile and sterile hybrids were 
attributed to differences in number of harvestable ears. Grain 
yield differences because of the effects of soil water tension 
regime were a product of number of second ears per stalk and 
weight of grain per second ear. Increases in nitrogen level up 
to 270 pounds per acre increased the number of second ears per 
stalk. 
Differences in ear production potential of the fertile and 
sterile hybrids were increased at the high soil water tension 
regime and at the low nitrogen level. Differences resulted 
in ear diameter and length of second ears between the fertile 
and sterile hybrids at different soil water tension regimes and 
nitrogen levels. 
Scott et al. (1965) reported the effects of first brood 
corn borer infestations on grain yield of a series of corn 
single crosses grown at two nitrogen levels and three plant 
population levels as compared to insecticide treated plots. 
Significant differences in leaf feeding ratings and lesion 
counts were reported because of the main effects of hybrid. No 
significant differences in ratings or lesion counts were 
reported because of the main effects of nitrogen or plant 
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population levels. However, general trends were toward higher 
leaf feeding ratings and a greater number of lesions at the 
higher nitrogen level. 
In each year the resistant hybrid had less leaf feeding 
and less yield loss. These authors concluded that, because 
percentage yield reduction was higher in plots which received 
added nitrogen, the addition of nitrogen apparently resulted in 
increased larval survival. Percent reduction in yield from 
borer infestation increased directly as plant population levels 
increased. The latter results led to the suggestion that: 
(a) survival of borers increases in corn grown at higher plant 
population or (b) under stress conditions, corn borer infesta­
tion causes a greater effect on yield. 
Ortega and Triplehorn (1959) reported on a series of 
experiments using hydroponic solutions of five levels of nitro­
gen in combination with optimum concentrations of other ele­
ments. They reported that generally weight and survival of 
larvae, leaf injury, and number of borer galleries increased as 
the amount of nitrogen increased. 
Beck (1956a} reported on a series of laboratory experi­
ments which measured differential feeding responses of first 
instar corn borer larvae to varying levels of dietary constit­
uents. He reported a positive establishment response to 
increasing levels of casein (protein). However, the response 
to casein was not as strong as the response to glucose and corn 
leaf sap concentrate. 
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Beck (1956b) reported on laboratory experiments in which 
dietary levels of glucose and casein were varied systematically. 
Because no growth of borers occurred in the absence of casein, 
he concluded dietary protein is essential to growth and devel­
opment, He concluded also that requirements for casein were 
high during early stages of larval development and low during 
the late stages. 
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MATERIALS AMD METHODS 
These studies were conducted from 196I through 1964 at the 
U. S. Department of Agriculture, European Corn Borer Research 
Laboratory at Ankeny, Iowa. During the course of these studies 
six experiments were conducted. In I962 and 1963 the data 
consisted of leaf feeding ratings and number of leaf midrib and 
leaf sheath lesions per plant. In 196I and 1964 only leaf 
feeding ratings were obtained. 
A system of evaluating leaf feeding resistance, according 
to visible symptoms and degree of plant Injury, was used. Only 
plant Injury caused by larvae feeding In the, "whorl" was con­
sidered in these determinations. Lesions caused by larval 
feeding on or in the sheath collar, leaf sheath and leaf mid­
rib were not considered in determinations of leaf feeding 
resistance. Relative leaf feeding resistance or susceptibility 
was determined according to a nine-class scale. In the rela­
tive resistance scale, hybrids rated 1 to 3 were considered 
resistant, hybrids rated 4 to 6 were considered Intermediate in 
resistance, and hybrids rated 7 to 9 were considered suscep­
tible . 
Descriptions of the visual leaf feeding rating classes 
used for evaluating degree of plant Injury and resistance 
caused by feeding of the first generation larvae are presented 
by Guthrie ^  al. (196O). Dlcke (1954) presented discussions 
of the relation of the leaf feeding rating system to the 
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biology of the larvae of the first generation in the corn plant. 
Subsequent to obtaining resistance ratings, determinations 
were obtained of the number of leaf midrib and leaf sheath 
lesions. Lesions in the leaf midrib, leaf sheath and sheath 
collar are caused primarily by feeding of third and fourth 
instar larvae. Lesion counts were determined according to size 
and number of lesions. A lesion which was, or exceeded, one-
half inch in length was considered evidence of successful feed­
ing and was counted. Lesions of less length were not con­
sidered evidence of successful feeding and were not counted. 
Resistance ratings and lesion counts were obtained from 
individual plants. In all statistical analyses the data used 
were the mean resistance ratings or mean number of lesions per 
experimental unit. No attempts were made to obtain estimates 
of sampling error. 
The system of determining relative resistance according to 
visible symptoms of plant injury has been demonstrated to be 
superior to evaluations based on counts of larval forms. This 
superiority is reflected in increased experimental precision 
and more efficient allocations of resources (Dicke 1954). 
With the exception of the 19^3 and 1964 experiments, there 
was little continuity in the inbred lines of corn used as 
tester or male parents. A summajjy of the inbred s used during 
the course of these experiments, their specific uses, and their 
relative resistance classifications is presented in Table 1. 
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Table 1. Identity, specific use, and relative resistance 
classifications of inbred lines used as single-cross 
parents, source of restorer genes or source of cyto­
plasmic pollen sterility 
Relative resistance 
Inbred classification 
Tester parent 
CI.3IA 
Oh43 
Oh51A 
WF9 
Recurrent parent 
B6 
B14 
B37 
Hy 
M14 
Oh4l 
187-2 
36-11  
Restorer genes source 
Ky21 
Txl27c 
Sterile cytoplasm source 
Tx203 
Highly resistant 
ResIs tant-intermediate 
Resistant-intermediate 
Highly susceptible 
Susceptible 
Susceptible 
Susceptible 
Intermediate 
Highly susceptible 
ResIstant-intermediate 
Susceptible 
Susceptible 
Intermedlate 
Intermediate-susceptible 
Unknown 
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With the exception of the inbred lines Ky21, Txl27c and 
Tx203, the inbreds listed in Table 1 are long-time Corn Belt 
inbreds maintained at Iowa State University or other State or 
Federal agencies. As inbreds or as parents of hybrid combina­
tions, the Corn Belt Inbred lines have been Included in many 
tests of relative resistance to corn borer leaf feeding. 
Therefore, the relative resistance classifications of the 
inbreds listed in Table 1 represent firm averages. 
All inbred lines used as tester parents were in two types 
of cytoplasm; one was the normal type and the second was the 
Texas-type, pollen-sterile cytoplasm. All lines were crossed 
to Tx203cms as source of pollen-sterile cytoplasm, and then 
were backcrossed six or more times by the recurrent parent. 
Therefore, except for the cytoplasm, each pollen-sterile line 
used would have been the same as the recurrent parent. 
Each line used as a recovered restorer line had been 
crossed to the restorer genes source and backcrossed to the 
recurrent parent for six generations. Thus, each recovered 
restorer line had seven doses of its respective recurrent 
parent. The backcrosses were followed by selfing for three 
generations, using ear-to-row progenies, to obtain the restorer 
genes in homozygous condition. 
Single-cross seed used in these experiments was provided 
by Dr. W. A. Russell of the Agricultural Experiment Station of 
Iowa State University in Ames, Iowa. Seed of the recovered 
restorer lines used as male parents in these single-crosses was 
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a composite of several selfed ears the first generation after 
the line was homozygous for the restorer genes. 
In these experiments each entry used was planted in 
single-row plots of five hills per row. Plots were planted at 
the rate of three seeds per hill and later were thinned to two 
plants per hill. Hills were in 20-lnch spacings and rows in 
40-inch spacings. Cultivation and fertilizer practices normal 
to corn culture in thé area concerned were used. Fertilizer 
was applied prior to planting and as a side-dress application 
when the plants were 12 to 18 inches in extended leaf height. 
To insure optimum infestations, egg masses were applied 
manually to the plants on two dates. Applications of egg 
masses were made during the natural period of ovlposltlon near 
the mid-whorl stage of plant development. An initial applica­
tion of two egg masses totaling about 40 eggs was followed by 
a similar application two to four days later. 
Leaf feeding resistance ratings were obtained about 20 
days after egg hatch. Lesion counts were obtained 30 to 40 
days after egg hatch. 
Field plot experimental designs used were a randomized 
complete block design in 196I and a split-split-plot design in 
the remaining years. All experiments were planted in seven 
replications of the whole units. In the split-split-plot 
designs, assignments of treatments to whole units, sub-units 
or sub-sub-units was a function of the type of cross used and 
the objectives of the individual experiments. In all 
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assignments of treatments to the various units of the experi­
mental design, the randomization procedures outlined by Cochran 
and Cox (195?) were adhered to rigidly. Because greatest pre­
cision was desired in tests of the effects of cytoplasm types, 
these factors consistently were assigned as sub-sub-unit treat­
ments. Increases or decreases in experimental precision as a 
result of assigning particular treatments to whole units, sub-
units or sub-sub-units are discussed by Cochran and Cox (1957) 
and by Federer (1963). 
Various methods of statistical analyses were applied to 
the data collected. The statistical methods consisted of 
analysis of variance, the analysis of covarlance, the new 
Duncan's multiple range test, Bartlett's test of homogeneity 
of variance and t tests. Standard errors of the treatment 
means and standard errors of the difference between two treat­
ment means were determined according to procedures of Cochran 
and Cox (1957). In analyses of data combined over years, F 
ratios were determined according to the procedures recommended 
by Cochran and Cox (1957) as summarized by Jowett (1967). 
In all analyses of variance. Model I (fixed treatment 
effects) was considered the appropriate model (Snedecor I96I). 
A completed table for Model I of the analysis of variance of 
the basic spllt-spllt-plot experimental design is presented in 
Table 2. 
The treatment and interaction sums of squares were par­
titioned Into orthogonal comparisons, within group comparisons 
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Table 2. Completed table for Model 1 of the analysis of 
variance of the basic split-split-plot experimental 
design 
Degrees of Expectations of 
Effect freedom mean squares 
Bepli cation (r-l) 6 2 e + otf ^ + bed 1 
2 
+ a be Kg 
A (a-1 ) 6 2 e + cd b + 
2 
bed a + rbcK^ 
Error (a) (r-l)(a-1) 6 2 e + cd I + bed a 
B (b-1) 6 2 e + c6 b + 
2 
racKg 
A X B (a-1)(b-1) (5 2 e + oâ I + rc^AB 
Error (b) a(r-l)(b-1) 6 2 
e 
+ c 6 l  
C (c-l) 6 2 8 + rabKç 
A X C (a-1)(c-l) <5 2 
e 
+ 
B X C (b-1)(c-l) 6 2 
e 
+ raK^c 
A X B X C (a-l)(b-1)(c-l) 6 2 
e 
+ 
^^ABC 
Error (c) ab(r-l)(c-l) 6 2 e 
Total rabc-1 
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or among group comparisons. Partitions of the sums of squares 
were according to type of cross, the experimental design used 
or the objectives of individual experiments. 
In 1961 Inbred WF9 was used as the tester parent. Inbred 
wF9 was represented in normal cytoplasm and In Texas-type, 
pollen-sterile cytoplasm, Male parents were the inbreds B6, 
Hy, K14 and 187-2, or recovered pollen-fertility restorer sub­
lines in which these Inbreds were used as recurrent parents. 
Recovered restorer sublines of B6, Hy and represented geno­
types in which inbred Ky21 was used as source of pollen-fertil­
ity restorer genes. Other recovered sublines of Hy and 
recovered sublines of I87-2 represented genotypes in which 
Inbred Txl27c was used as source of pollen-fertility restorer 
genes. 
There were varying numbers of recovered restorer sublines 
of each of the inbreds used as the recurrent parent. For this 
reason, the entries used could not be tested in split-split-
plots or other factorial arrangements. 
In the analysis of variance of the data collected from the 
1961 experiment the entry sums of squares was partitioned. 
Partitions were such that tests were obtained of; (a) the main 
effects of the inbreds used as recurrent parents of the 
recovered restorer sublines, (b) the main effects of cytoplasm 
types, (c) the main effects of recovered restorer sublines and 
(d) the Interactions between the preceding factors. 
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In this analysis of variance, cytoplasm types, inbreds 
used as recurrent parents of the restorer sublines, recovered 
restorer sublines and sources of restorer genes were considered 
fixed factors. Therefore, Model I of the analysis of variance 
was Judged the appropriate model and F ratios were determined 
using the experimental error mean square as the denominator. 
Similarly, the experimental error mean square (s ) was used as 
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the sample estimate of o in determinations of the standard 
errors of the treatment means, and standard errors of the 
difference between two treatment means. 
In the 1961 experiment, single-row plots of the inbred 
lines, WP9, CI.3IA and Oh^3 were included as comparative checks 
to serve as a guide for the leaf feeding rating system. Data 
collected from these inbreds were not included in the statis­
tical analyses. 
In 1962 the experimental plant material was tested in 
three experiments using a split-split-plot design with the 
whole units in seven replications. Entries were single crosses 
in which inbred WF9 wa^ used as the tester parent. The tester 
parent was in normal cytoplasm and in Texas-type, pollen-
sterile cytoplasm. 
In the first 19^2 experiment male parents were inbred Hy 
or two groups of recovered restorer lines in which Hy was used 
as recurrent parent. In the first group of recovered restorer 
lines, inbred Txl27c was used as source of restorer genes. In 
the second group. Inbred Ky21 was used as source of restorer 
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genes. Restorer genes sources were assigned to whole units, 
lines within restorer sources to sub-units and cytoplasm types 
to sub-sub-units. Analyses to determine the main effects of 
lines within restorer sources included the recovered restorer 
7 lines, i.e., WP9 x (Txl27c x Hy)-18-2-1 and the original non-
restored single cross, i.e., WF9 x Hy. 
In the second I962 experiment, male parents were Inbreds 
B6, B37, Hy and Ml4, or recovered restorer lines in which these 
inbreds were Used as recurrent parent. In all groups of 
recovered restorer lines, inbred Ky21 was used as a source of 
restorer genes. Recurrent inbred parents were assigned to . 
whole units, lines within Inbred recurrent parents to sub-units 
and cytoplasm types to sub-sub-units. Analyses to determine 
the main effects-of lines within Inbred recurrent parents 
included the recovered restorer lines, i.e., WF9 x (Ky21 x B6 )-
4s-2-l and the original nonrestored single cross, i.e., WF9 x 
B6. 
In the third 1962 experiment male parents were Inbreds Hy 
and OhAl or recovered restorer lines in which these inbreds 
were used as recurrent parent. In all groups of recovered 
restorer lines. Inbred Txl27c was used as source of restorer 
genes. Recurrent Inbred parents were assigned to whole units, 
lines within recurrent parents to sub-units, and cytoplasm 
types to sub-sub-units. Analyses to determine the main effects 
of lines within inbred recurrent parents included the recovered 
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restorer lines, i.e., WP9 x {Txl27c x Oh^l'^)-ls-1-1 and the 
original nonrestored single cross, i.e., WF9 x Oh4l. 
In the 1963 and 1964 experiments tester parents of the 
single crosses used were inbreds CI.3IA, OhkJ, Oh51A and WP9. 
Tester parents were in normal cytoplasm and in Texas-type 
pollen sterile cytoplasm. Male parents were recovered restorer 
lines in which the inbreds B14, Hy, Ml4 or 38-11 were used as 
recurrent parents or as the original nonrestored inbred. 
Recovered restorer lines were represented by genotypes in which 
Txl27c and Ky21 were used as source of restorer genes, i.e., 
Oh51A X MlURf(Txl27c) or Oh51A x Ml4Rf(Ky2l). In the analyses 
to determine the main effects of sources of restorer genes, 
i.e., Txl27c or Ky21, data from the original nonrestored single 
crosses were included, i.e., Oh^la x Ml4rfrf. 
Single-cross types, or synonymously, tester by line com­
binations, i.e., Oh43 x M14, OhkJ x Hy, etc. were assigned to 
whole units. Thus, when considered as tester by line combina­
tions, 16 major genotypes were represented. 
Restorer gene sources were assigned to sub-units. Because 
analyses to determine the main effects of restorer gene sources 
included the original nonrestored single cross, there were 
three sub-unit treatments. The sub-unit treatments were; 
(a) Txl27c restorer gene source, (b) Ky21 restorer gene source 
and (c) no restorer gene source. 
As in all other split-split-plot experiments conducted, 
cytoplasm types were assigned to sub-sub-units. 
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Because the I963 and 1964 experiments were identical, the 
resistance rating data were combined and analyzed as data com­
bined over years, using the analysis of variance. In 1964 one 
replication had to be discarded because of soil pollution. In 
the combined analysis one replication of the 1963 experiment 
was eliminated at random. Years were considered fixed factors 
because it was judged Impractical to consider only two years a 
random sample of environments. 
In all experiments conducted, the factors tested were con­
sidered fixed variables. In the fixed model of the analysis of 
variance, the effects of the treatments have been assumed to 
fix the population means. Under these restrictions the effects 
observed in these studies apply only to the genotypes and cyto­
plasms represented. Therefore, in a strict sense, inferences 
are not warranted beyond the scope of the genotypes and cyto­
plasms represented. If projected inferences are made, they 
should be made with caution and discretion. 
Where heterogeneity of error variances was encountered in 
the analyses of data combined over years, the probabilities of 
F tests, t tests, etc. were considered approximate. In the 
procedures followed in the analysis of variance of data com­
bined over years (Cochran and Cox 1957), preliminary tests were 
made and subsequent procedures were in a manner dependent upon 
the outcome of the preliminary tests. It is recognized that 
proceeding in such a manner can lead to bias. However, while 
the procedure is approximate and susceptible to bias, it seems 
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to be the only procedure available. .In addition, caution was 
exercised in making inferences or drawing conclusions on the 
basis of results of analyses of combined resistance ratings. 
To avoid lengthy sentences, cumbersome wording, and 
awkward grammatical structures, the following abbreviated terms 
frequently were used instead of the long, descriptive forms. 
Descriptive form 
European corn borer 
Tester Inbred lines 
Recurrent parent Inbred lines 
Sources of pollen fertility 
restorer genes 
Recovered pollen fertility 
restorer lines 
Group of crosses Involving 
recovered restorer lines 
Group of crosses involving 
original lines 
Types of cytoplasms 
Normal cytoplasm 
Texas, pollen-sterile cytoplasm 
A difference, statistically 
significant at 5% probability 
level 
A difference, statistically 
significant at 1% probability 
level 
Abbreviated form 
Borer or corn borer 
Testers 
Lines or recurrent parents 
Sources 
Restorer or Rf lines 
Restorer or recovered lines 
group (H) 
Nonrestorer, original lines 
or recurrent parent group 
(NR) 
Cytoplasms 
Fertile or N cytoplasm 
Sterile or T cytoplasm 
Significant difference 
Highly significant difference 
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EXPERIMENTAL RESULTS 
Results of 1961 Experiment 
As mentioned previously, the crosses used in the 196I 
experiment were not well suited to factorial arrangements of 
the experimental treatments. Although information was avail­
able about the resistance of the tester and recurrent parents, 
similar information was not available about restorer sources, 
cytoplasms or recovered restorer lines. It was not known 
which of these factors required greatest experimental precision 
to detect significant differences. Therefore, this experiment 
was considered an exploratory experiment which yielded informa­
tion useful in the design of subsequent experiments. 
The analysis of variance of the resistance ratings 
obtained in this experiment is summarized in Table 3» The 
most outstanding aspect of this analysis was that 70.5% of the 
sums of squares for entries could be attributed to the effects 
of the recurrent parents. It was obvious that a large share 
of the remaining sums of squares could be attributed to the 
effects of sublines within the recurrent parents. 
The coefficient of variation, calculated from the analysis 
of variance, was 6.'?%. When compared with similar coefficients 
obtained from other experiments involving the corn borer, this 
coefficient was very low. 
Overall mean resistance rating in this experiment was 
6.51. The mean resistance rating of the entries in normal 
Table 3- Analysis of variance of mean resistance ratings obtained In I96I for four 
recurrent parents used In single crosses Involving two restorer genes 
sources and Inbred tester WF9 In normal and Texas-type pollen-sterile 
cytoplasm 
Degrees Sums 
of of Mean 
Source of variation freedom squares squares 
Replications 6 8.29 1.38 
Entries 103 74.59 0.72** 
Cytoplasms 1 0.03 0.03 
Recurrent parents 4 52.59 13.15** 
Rf sublines/recurrent parents 42 10.11 0.24 
Rf subllnes/l8?-2(Ky21) 6 0.68 0.11 
Rf subilnes/Hy(Txl27c) 9 2.72 0.30 
Rf sublines/B6(Ky2l) 9 1.43 0.16 
Rf subllnes/Ml4(Ky2l) 12 2.66 0.22 
Rf subllnes/Hy(Ky2l) 6 2.62 0.44* 
Cytoplasms x recurrent parents 4 1.85 0.46* 
Cytoplasms x Rf subllnes/rec. parents 42 7.40 0.18 
Cytoplasms x Rf sublines/l87-2(Ky2l) 6 0.74 0.12 
Cytoplasms x Rf subllnes/Hy(Txl27c) 9 1.88 0.21 
Cytoplasms x Rf subllnes/B6(Ky21) 9 1.27 0.14 
Cytoplasms x Rf sublines/Ml4(Ky21) 12 1.63 0.14 
Cytoplasms X Rf subllnes/Hy(Ky21) 6 1.88 0.31 
Remainder 10 2.61 0.26 
Recovered vs. original lines = Q 1 0.12 0.12 
Q X cytoplasms 1 0.30 0.30 
Q X recurrent parents 4 2.07 0.52* 
Q X cytoplasms x recurrent parents 4 0.12 0.03 
Error 618 116.01 0.19 
Total 727 198.89 
^•Exceeds level; **exceeds 1% level. 
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cytoplasm was 6,52, and that of entries in sterile cytoplasm, 
6.50. The difference between the latter means was 0.01 or 
0.17# of the overall mean. 
Mean resistance rating of the entries in which Txl27c was 
used as restorer genes source was 6.68; of entries in which 
Ky21 was used as restorer genes source, 6.33» The difference 
between these means was 0.35 or 5«39^ of the overall mean. 
Immediately, it was apparent that a very high degree of 
experimental precision would be required to detect significant 
differences because of the effects of cytoplasms or restorer 
genes sources, provided such differences existed. 
In the analysis of variance the inbred recurrent parents 
considered were I87-2, B6, Kl4, Hy(Txl27c) and Hy(Ky21). 
Analyses to determine the effects of the recurrent parents 
included; the combined recovered sublines group (R) and the 
nonrestorer group (NR), the recovered sublines group (R) only, 
and the nonrestorer group (NR) only. In each of the three sets 
of analyses, significant differences were detected between mean 
resistance ratings among the recurrent parents. A ranked array 
of the mean ratings of these recurrent parents, determined from 
the combined (R) and (NR) groups, is presented in Table 4. 
When compared within the recovered sublines group and 
within the nonrestorer group, the rankings and mean resistance 
ratings of the recurrent parents were very similar to those 
obtained from the combined data. Mean ratings of the combined 
groups, the recovered sublines group and the nonrestorer group 
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Table 4. Mean resistance ratings of recurrent parents tested 
in 1961, as determined from combined values of 
recovered restorer sublines and original lines 
Recurrent 
parent 
Mean resistance 
rating 
Multiple ranges® 
P=.05 P=.01 
Hy(Ky21) 6.19 a a 
Hy(Txl27c) 6.27 ab a 
B6 6.44 be ab 
M14 6.66 c b 
187-2 7.00 d c 
Mean 6.51 
a 
Means followed by same letter not significantly differ­
ent at indicated level. 
were 6.51. 6.51. and 6.53 respectively. The orthogonal com­
parison, recovered versus original lines, detected no signifi­
cant difference. 
The mean ratings of the recurrent parents in hybrid com­
binations placed all of them in the intermediate to susceptible 
classification. Comparisons of the ratings of these recurrent 
parents in hybrid combinations (Table 4) with their performance 
as inbreds, per se. (Table 1), Indicated increased resistance 
in hybrid combination. Mean ratings of the inbred checks WF9, 
Oh43i and CI.3IA were 7.9» 4.9, and 2.1 respectively. The 
rating of WP9 indicated slightly depressed levels of larval 
survival and plant damage. It was judged more probable that 
higher resistance of the recurrent parents was a result of 
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decreased larval survival, rather than types of gene action 
which conferred Increased resistance. 
Significant differences were detected among the mean 
ratings of the Hy(Ky21) recovered restorer sublines, A ranked 
array of the mean ratings of these recovered sublines is pre­
sented in Table 5- The differences detected were judged to be 
of no practical significance but did indicate nonrandom vari­
ations among closely related genotypes. 
Table 5* Mean resistance ratings for recovered pollen fer­
tility restorer sublines of Hy tested In I96I 
Pedigree 
Mean resistance 
rating^ 
WP9 X (Ky21 X Hy7)-46l-k 5.94 a 
—^6^—3 5.98 ab 
-461-3 6.14 abc 
-467-1 6,29 abc 
—464—2 6.29 abc 
—464—1 6.34 be 
—464—4 6.39 c 
^Means followed by same letter not significantly differ 
ent at 5^ level. 
The analysis of variance to determine the effects of cyto­
plasms and of the interactions of cytoplasms with the other 
factors was based on combined values from the recovered sub­
lines group and the original lines group. In this analysis no 
significant differences were detected because of the effects of 
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cytoplasms. However, the F ratio for testing the cytoplasms x 
recurrent parents interaction was significant at the 5^ level. 
Comparisons were made of ratings of the recurrent parents 
within cytoplasms and of differences between cytoplasms within 
each of the recurrent parents, as summarized in Table 6. 
Table 6. Mean resistance ratings and differences between mean 
resistance ratings of recurrent parents tested in 
1961 in normal (N) and Texas-type pollen-sterile (T) 
cytoplasms 
Recurrent Mean resistance rating® "U 
parent N cytoplasm T cytoplasm Difference 
Hy(Ky21) 6.25 a 6.12 a +0.13 
Hy(Txl27c) 6.33 ab 6.20 a +0.13 
B6 6.43 ab 6.44 ab -0.01 
Ml4 6.65 be 6.67 b -0.02 
187-2 6.91 c 7.08 c -0.17* 
Mean 6.51 6.50 
^Means followed by same letter not significantly differ 
ent at 5^ level. 
^*Exceeds level. 
When compared within the two cytoplasms, rankings of the 
recurrent parents were the same. Comparisons of cytoplasms 
within recurrent parents detected a significant difference 
between cytoplasms in 187-2 (Table 6), No significant differ­
ences were detected in the remaining recurrent parents. It is 
highly probable the significant cytoplasms x recurrent parents 
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Interaction was caused by a combination of the presence of a 
significant difference in I87-2 and the lack of significant 
differences in the remaining comparisons. It is possible this 
significant interaction partially reflected shifts in direction 
of the differences between the two cytoplasms. The mean 
ratings of fiy indicated increased susceptibility in normal 
cytoplasm, whereas the mean ratings of the other recurrent 
parents indicated increased resistance in normal cytoplasm. 
However, the statistical analyses show that, with the exception 
of 187-2, differences between cytoplasms were the result of 
random sampling error. 
Comparisons of recovered restorer sublines versus non-
restorer lines averaged over cytoplasms and recurrent parents, 
showed no significant difference. A significant interaction of 
the orthogonal comparison, recovered sublines versus original 
lines X recurrent parents, was detected in the analysis of 
variance. Comparisons of the mean ratings of recurrent parents 
within recovered restorer sublines and within nonrestorer lines 
and of the differences between recovered and nonrecovered lines 
within recurrent parents are summarized in Table ?• 
With the exception of a shift in the position of Ml4, the 
ranked orders of the recurrent parents were the same when com­
pared within the two groups. A highly significant difference 
was detected between the ratings of the M14 recovered and non-
recovered lines. This difference showed significantly 
increased susceptibility of the M14 recovered restorer sublines 
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as compared to Ml4 nonrestorer lines. Comparisons of recovered 
versus nonrecovered lines within the remaining recurrent 
parents detected no significant differences. The same compari­
sons Indicated no consistent shifts in direction of increased 
resistance or susceptibility to leaf feeding. 
Table 7. Mean resistance ratings and differences between mean 
resistance ratings of recovered restorer sublines 
and nonrestorer lines tested in 196I 
Recurrent 
parent 
Mean resistance rating® 
Hf sublines NR lines Difference^ 
Hy(Ky2l) 6.19 a 6.14 a +0.05 
Hy(Txl27c) 6,26 a 6.31 ab -0.05 
B6 6.43 a 6.54 b -0.11 
M14 6.69 b .6.31 ab +0.38** 
187-2 6,99 c 7.06 c -0.07 
Mean 6.51 6.47 
^Means followed by same letter not significantly differ­
ent at level. 
^**Exceeds level. 
The differences between mean values and the results of the 
statistical analyses indicated greatest precision would be 
required in tests of the effects of cytoplasms, less precision 
in tests of the effects of restorer genes sources, and least 
precision in tests of the effects of testers or recurrent 
parents. These analyses also demonstrated the presence of 
significant interactions of the preceding factors. In all 
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cases, differences contributing to these interactions were 
small, indicating further need for a high degree of experi­
mental precision. These findings indicated split-plot or 
split-split-plot designs or similar factorial arrangements of 
the treatments would be the most appropriate choices of field 
plot experimental designs. 
Results of 1962 Experiments 
The data collected in 196I and the results of the analyses 
of these data demonstrated the need to achieve as high a degree 
of experimental precision as possible. The crosses available 
in 1962 represented natural groupings which were well fitted 
to factorial arrangements of the treatments. Therefore, the 
entries tested were planted in three experiments. In each 
experiment a split-split-plot experimental design with whole 
units in seven replications was used. 
In the first I962 experiment restorer genes sources Ky21 
and Txl27c were assigned to whole units, sublines within 
restorer sources to sub-units and cytoplasm types to sub-sub-
units, The objectives were to test for differences in resist­
ance ratings and lesion counts because of the main effects and 
interactions of restorer sources, sublines within restorer 
sources and cytoplasms. 
Results of the analysis of variance of the ratings 
obtained from this experiment are summarized in Table 8. In 
the analysis of the main effects of restorer sources, the 
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Table 8. Analysis of variance of resistance ratings obtained 
in 1962 for recovered and original Hy sublines using 
Txl27c and Ky21 restorer genes sources and tested In 
normal and Texas-type pollen-sterile cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares 
fieplicatlons 6 1.80 
Restorer genes sources 1 0.14 
Error (a) 6 0.36 
Sublines within Txl27c 5 0.51* 
Original vs. Hf sublines 1 0.15 
Among Rf sublines k 0.60* 
Sublines within Ky21 5 1.19** 
Original vs. Rf sublines 1 0.34 
Among Rf sublines 4 1.40** 
Error (b) 60 0.18 
Cytoplasms/sublines/sources 12 0.92** 
Cytoplasms/original lines/sources 2 0.54* 
Cytoplasms/Rf sublines/sources 10 1.00** 
Cytoplasms 1 6.21** 
Cytoplasms x sources 1 1.27** 
Cytoplasms x Rf subllnes/Txl27c 4 0.30 
Cytoplasms x Rf sublines/Ky21 4 0.33 
Error (c) 72 0.16 
Total 167 
^Exceeds 5^ level; **exceeds 1% level. 
values used were combined values determined from crosses 
involving the recovered sublines and original lines. Mean 
ratings of Ky21 and Txl27c restorer sources were 3.91 and 3.85 
respectively. The difference between these means was not sig­
nificant. Further comparisons were made of the main effects 
of restorer sources within recovered sublines and within the 
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original lines. These comparisons also detected no significant 
differences between restorer sources. The orthogonal com­
parison, original lines versus recovered sublines, showed no 
significant difference between the two groups of sublines in 
either restorer source. 
Irrespective of restorer source, differences in mean 
ratings were detected among the sublines within restorer 
sources. Differences among the Txl27c sublines were signifi­
cant at the 5% level. Differences among the Ky21 sublines were 
significant at the 1% level. Ranked arrays of the mean ratings 
of the sublines within each restorer source are presented In 
Table 9. 
Table 9« Mean resistance ratings obtained in 1962 for 
recovered and nonrecovered sublines in which Hy was 
used as recurrent parent and Txl27c or Ky21 as 
restorer genes source and tested in normal and Texas-
type pollen-sterile cytoplasm 
Mean resistance Multiple ranges^ 
Pedigree rating P=.05 P=.01 
WF9 X (Txl27c X Hy7)-ls-2-5 3.65 a a 
-is-2-3 3.67 a a 
-ls-2-1 3.74 ab a 
WF9 X Hy 
X Hy?)-l8-2-4 
3.95 ab a 
WP9 X (Til270 4.05 b a 
-ls-2-2 4.07 b a 
dean 3.85 
WF9 X (Ky21 X Hy?)-18-2-3 3.39 a a 
WF9 X Hy 9 ^ 3.77 b ab 
WF9 X (Ky21 x Hy )-18-2—4 3.99 be be 
-ls-2-5 4.05 be be 
—Is—2—2 4.07 be be 
-18-2-1 4.20 c c 
Mean 3.91 
^Means followed by same letter not significantly differ 
ent at indicated level. 
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Comparisons were made of cytoplasms within original lines, 
within recovered sublines and within combined original and 
recovered sublines within sources, as summarized in Table 8. 
Mean ratings and differences between the mean ratings of the 
individual sublines within restorer sources are presented in 
Table 10. 
Table 10. Mean resistance ratings and differences between mean 
resistance ratings obtained in I962 for Hy recovered 
and nonrecovered sublines using two sources of 
restorer genes and tested in normal and Texas-type 
pollen-sterile cytoplasm 
Mean resistance rating Differ-
Pedigree N cytoplasm T cytoplasm ence& 
WP9 X (Txl27c X Hy?)-ls-2-l 3.30 4.19 -0.89** 
—Is—2-2 3.94 4.20 -0.26 
-18-2-3 3.23 4.11 -0.88** 
-18-2-4 3.87 4.23 -0.36 
-ls-2-5 3.31 3.99 -0.68** 
WP9 X Hy 3.84 4.06 -0.22 
Mean (all lines) 3.58 4.13 -0.55** 
Mean (recovered sublines) 3.53 4.14 -0.61** 
WP9 X (Ky21 X Hy?).ls-2-l 4.13 4.27 -0.14 
-ls-2-2 4.09 4.06 +0.03 
-ls-2-3 3.03 3.76 -0.73** 
-ls-2—4 3.99 4.00 -0.01 
-ls-2-5 3.90 4.20 -0.30 
WF9 X Hy 3.51 4.03 -0.52* 
Mean (all lines) 3.77- 4.05 -0.28** 
Mean (recovered sublines) 3.83 4.06 -0.23* 
•Exceeds level; **exceeds 1% level. 
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With one exception, comparisons of the. differences between 
cytoplasms within entries showed increased susceptibility to 
leaf feeding in the presence of sterile cytoplasm. Some of 
these differences were not significant and were attributed to 
random deviations/ Other differences were significant or 
highly significant and were attributed to differential effects 
of types of cytoplasms. 
When compared within recovered sublines, a highly signifi­
cant interaction of cyooplasms x restorer sources was detected. 
Mean ratings of the cytoplasms and differences between cyto­
plasms compared over Hy recovered sublines within restorer 
sources are summarized in Table 11. 
Table 11. Mean resistance ratings and differences between 
mean resistance ratings obcalned in 1962 for normal 
and Texas-type pollen-sterile cytoplasm tested 
within recovered restorer sublines of Hy using 
restorer sources TxlZfc and Ky2l 
Mean resistance ratin,% 
Restorer source N cytoplasm T cytoplasm Difference^ 
Txl2?c 3.53 4.14 -0.61** 
Ky2l 3.83 4.06 -0.23 
'^•"•^Exceeds 1^ level. 
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The data and results of t tests, presented In Table 11, 
support the conclusion that the highly significant Interaction 
of cytoplasms x restorer sources can be attributed to the 
sizes of the differences between cytoplasms. When compared 
within Txl27c, the difference between cytoplasms was highly 
significant. The same comparison within Ky21 showed a non­
significant difference. 
A summary of the analysis of variance of the lesion counts 
obtained from the first 1962 experiment is presented in 
Table 12. The only statistically significant differences 
detected were differences among the Hy recovered sublines 
within the restorer source Txl27c. These differences were sig­
nificant beyond the 1^ level. Mean lesion counts of Hy recov­
ered restorer sublines, using Txl27c as restorer genes source, 
are summarized in Table 13-
In this experiment there was a general trend toward 
increased number of le:"ions in the presence of Ky21 restorer 
source. There was also a general trend toward increased number 
of lesions in the presence of pollen-sterile cytoplasm when 
only the recovered sublines were considered. 
In the second experiment conducted in I962, recurrent 
parent inbreds were assigned as whole unit treatments, sublines 
within recurrent parents to sub-units, and cytoplasms to sub-
sub-units. Objectives were to test for differences in resist­
ance and number of lesions because of the main effects and 
Interactions of the preceding factors. The analysis of 
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Table 12. Analysis of variance of lesion counts obtained In 
1962 for recovered and original Hy sublines using 
Txl27c and Ky21 restorer genes sources and tested 
in normal and Texas-type pollen-sterile cytoplasm 
Degrees 
of Mean 
Source of variation freedom squares 
Replications 6 4.00 
Restorer genes sources 1 0.26 
Error (a) 6 0.55 
Sublines within Txl27c 5 2.35** 
Original vs. Rf sublines 1 1.12 
Among Rf sublines 4 2.65** 
Sublines within Ky21 5 0.8? 
Original vs. Rf sublines 1 0.79 
Among Rf sublines 4 O.89 
Error Tb) 60 0.53 
Cytoplasms/subllnes/sources 12 0.48 
Cytoplasms/original lines/sources 2 0.05 
Cytoplasms/Rf sublines/sources 10 0.57 
Cytoplasms 1 0.62 
Cytoplasms x sources 1 0.02 
Cytoplasms x Rf subiines/Tx127c 4 0.92 
Cytoplasms x Rf sublines/Ky21 4 0.34 
Error (cj 72 0.46 
Total 167 
^*'^Exceeds 1% level. 
variance of the mean resistance ratings obtained from this 
experiment is summarized in Table l4. In this experiment only 
Ky21 was used as source of restorer genes. 
Mean resistance ratings of the recurrent parents, B6, Hy, 
Ml4, and B37. are presented in Table 15. In the analysis of 
variance to determine the main effects of recurrent parents, 
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Table 13. Mean number of lesions for tests in I962 among Hy 
recovered restorer sublines using Txl27c as 
restorer genes source and tested in normal and 
Texas-type pollen-sterile cytoplasm 
Mean number 
Pedigree of lesions® 
WP9 X (Txl27c X fiy^)-ls-2-5 2.90 a 
-18-2-3 2.93 a 
-18-2-1 3.29 b 
-ls-2-4 3.39 b 
-ls-2-2 3.97 c 
^Means followed by same letter not significantly differ­
ent at 1% level. 
the values used were values combined over recovered restorer 
sublines and the original nonrestorer lines. When the mean 
values of the recurrent parents were determined from these 
combined data, the mean resistance rating of each recurrent 
parent was different from that of all other recurrent parents. 
These differences were significant at either level of accept­
ance. Comparisons of the mean ratings of the recurrent 
parents, determined separately over recovered sublines and over 
nonrecovered lines, detected differences at either level of 
acceptance. However, the significance of these differences was 
a function of the probability level involved and the number of 
observations entering into particular comparisons. 
In the analyses of the resistance ratings of the sub-unit 
treatments, the only significant difference detected was 
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Table 14. Analysis of variance of resistance ratings obtained 
in 1962 for recovered and original lines of B6, Hy, 
and B37, using Ky21 as restorer genes source 
and tested in normal and Texas-type pollen-sterile 
cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares 
Replications 
Recurrent parents 
Error (a) 
Sublines within B6 
Original vs. Rf sublines 
Among Rf sublines 
Sublines within Hy 
Original vs. Rf sublines 
Among Rf sublines 
Sublines within Ml4 
Original vs. Rf sublines 
Among Rf sublines 
Sublines within B37 
Original vs. Rf sublines 
Among Rf sublines 
Error (b) 
Cytoplasffis/sublines/recurrent parents 
Cytoplasms/original lines/rec. parents 
Cytoplasms/Rf sublines/rec. parents 
Cyjoplasms • 
Cytoplasms x recurrent parents 
Cytoplasms x Rf subllnes/B6 
Cytoplasms x Rf sublines/Hy 
Cytoplasms x Rf sublines/Ml4 
Cytoplasms x Rf sublines/B37 
Error (c) 
Total 
6 14.64 
3 116.38** 
18 1.43 
5 0.35 
1 0.00 
4 0.43 
5 0.55 
1 0.00 
4 0.69 
5 0.35 
1 1.20* 
4 0.14 
5 0.16 
1 0.19 
4 0.15 
120 0.29 
24 0.77** 
4 1.04** 
20 0.72** 
1 5.21** 
3 0.87** 
4 0.10 
4 1.42** 
4 0.05 
4 0.05 
144 0.17 
33^ 
a . 
^Exceeds level; **exceeds 1% level. 
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Table 15. Mean resistance ratings obtained in 1962 for 
original and recovered sublines of four recurrent 
parents using Ky21 as restorer genes source and 
tested in normal and Texas-type pollen-sterile cyto­
plasm 
Mean resistance Multiple ranges® 
Recurrent parent rating P=.05 P=.01 
All sublines 
Hy 4.82 a a 
B6 6.20 b b 
M14 6.74 c c 
B37 7.63 d d 
Hf sublines 
Hy 4.82 a a 
B6 6.20 b b 
6.69 G b 
B37 7.65 d c 
Original lines 
Hy 4.81 a a 
B6 6.21 b b 
7.01 be b 
B37 7.52 c b 
\eans followed by same letter not significantly different. 
between the mean value of the recovered restorer sublines and 
the mean value of the original nonrestorer line In the crosses 
involving as recurrent parent. Mean rating of the recovered 
sublines was 6.69 and of the nonrecovered line, 7.01. 
Highly significant differences were detected In all tests 
of the main effects of cytoplasm types. Paired comparisons 
were made of the differences between cytoplasms within each 
entry. Results of these comparisons are summarized in Table 16. 
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Table l6. Mean resistance ratings and differences between mean 
resistance ratings obtained in I962 for recovered 
and nonrecovered sublines of four recurrent parents 
using Ky21 as restorer genes source and tested in 
normal and Texas-type pollen-sterile cytoplasm 
Mean resistance rating Differ 
Pedigree N cytoplasm T cytoplasm ence* 
WF9 x (KY21 x B6^)-4s-2-1 6.29 6.27 +0.02 
—4S-2-3 5.99 6.33 -0.34 
—4S—2—8 6.14 6.37 -0.23 
-6s-2-1 5.71 6.13 -0.42 
-68-2-2 6.30 6.47 -0.17 
WF9 x B6 6.10 6.31 -0.21 
MEAN (ALL LINES) 6.09 6.31 -0.22* 
MEAN (RECOVERED SUBLINES) 6.09 6.31 -0.22* 
WF9 x (KY21 x HY?)-LS-2-L 4.73 5.13 -0.40 
-18-2-2 4.34 5.03 -0.69** 
—IS—2—3 3.86 5.46 -1.60** 
-Is-2-4 4.49 4.83 -0.34 
-IS—2-5 5.21 5.10 +0.11 
WF9 x HY 4.31 5.31 -1.00** 
MEAN (ALL LINES) 4.49 . 5.14 -0.65** 
MEAN (RECOVERED SUBLINES) 4.53 5.11 -0.58** 
WF9 x (KY21 x ML4^)-7S-L-L 6.77 6.91 -0.14 
-78-1-2 6.54 6.83 -0.29 
-78-1-3 6.39 6.77 -0.38 
-78-1-4 6.57 6.83 -0.26 
-78-2-3 6.59 6.66 -0.07 
WP9 x ML4 7.10 6.91 +0.19 
MEAN (ALL LINES) 6,66 6.82 -0.16 
MEAN (RECOVERED SUBLINES) 6.57 6.80 -0.23* 
WF9 x \KY21 x B37?)-LS-4-3A 7.59 7.53 +0.06 
—LS-5—3® 7.63 7.89 -0.26 
-4S-3-3B 7.56 7.59 -0.03 
-4S-3-7A 7.56 7.63 -0.07 
-4S-3-8A 7.79 7.74 +0.05 
WF9 X B37 7.36 7.69 -0.33 
MEAN (ALL LINES) 7.58 7.68 —0.10 
MEAN (RECOVERED SUBLINES) 7.62 7.67 -0.05 
^*2xceed8 5^ level; **exceeds 1% level. 
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When compared within individual lines or sublines, highly 
significant differences between cytoplasm means were detected 
in two of the five Hy recovered sublines. Comparisons of the 
mean ratings of cytoplasms in the crosses involving B6 detected 
significant differences only between mean values determined 
over all lines and sublines and determined over all recovered 
sublines. Similar comparisons detected only a significant 
difference between cytoplasm means determined over the Ml4 
recovered sublines. No significant differences between cyto­
plasms were detected in comparisons of any of the mean values 
determined from the B37 crosses. 
A highly significant Interaction of cytoplasms x recurrent 
parents was detected in the comparisons involving only the 
recovered sublines (Table l4). 
Some of the mean values and differences between these 
means summarized in Table l6 are resummarlzed in Table 17. 
Examinations of the means and differences presented in 
Table 17 support the conclusion that the factors contributing 
to the interaction were caused by variations in the size and 
levels of differences between cytoplasms, compared within 
recovered sublines of the recurrent parents. 
A highly significant interaction of cytoplasms x Hy 
recovered sublines was detected in the analysis of variance of 
the resistance ratings. Examinations of the results of the 
analyses of these data, as summarized in Table 16, support the 
conclusion that this interaction was caused by the presence of 
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Table 1?. Mean resistance ratings and differences between mean 
resistance ratings obtained In I962 for two types of 
cytoplasm as averaged over recovered restorer sub­
lines of four recurrent parents using Ky21 as 
restorer genes source 
Mean resistance rating 
Recurrent parent N cytoplasm T cytoplasm Difference®' 
Hy (Rf sublines) 4.53 5.11 -O.58** 
B6 (Rf sublines) 6.0? 6.31 -0.22* 
:af sublines) 6.57 6.80 -0,23* 
B37 (Rf sublines) 7.62 7.67 -0.05 
^•^'Sxceeds 5^ level; **exceeds 1^ level. 
highly significant differences between cytoplasms In some sub­
lines, a condition peculiar to this inbred. 
In the comparisons summarized in Table 16, a total of 32 
comparisons was made. Of these comparisons, 27 indicated 
increased susceptibility in the presence of pollen-sterile 
cycopj.as2. In all comparisons of cytoplasms where significant 
differences between mean values were detected, increased sus­
ceptibility in the presence of sterile cytoplasm was evident. 
Mean resistance rating of the entries in sterile cytoplasm was 
V.49; Of iche entries in normal cytoplasm, 6.20. The difference 
between v^cse means exceeded the level. 
The analysis of variance of the lesion counts obtained 
z'rozi o.'.o second 1962 experiment is summarized in Table 18. 
Highly significant differences were detected in the test of the 
21ain effects of recurrent parents. Significant differences 
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Table 18. Analysis of variance of lesion counts obtained in 
1962 for recovered and original lines of B6, Hy, 
Ml4 and B37. using Ky21 as restorer genes source 
and tested in normal and Texas-type pollen-sterile 
cytoplasm 
Degrees 
Source of variation of 
freedom 
Mean 
squares® 
Replications 6 6.55 
Recurrent parents 3 71.15** 
Error (a) 18 2.31 
Sublines within B6 5 0.56 
Original vs. Rf sublines 1 0.69 
Among Rf sublines 4 0.53 
Sublines within Hy 5 1.00 
Original vs. Rf sublines 1 0.04 
Among Rf sublines 4 1.23 
Sublines within Ml4 5 0.85 
Original vs. Rf sublines 1 0.2? 
Among Rf sublines 4 1.00 
Sublines within B37 5 2.93* 
Original vs. Rf sublines 1 1.70 
Among Rf sublines 4 3.24* 
Error (b) 120 1.23 
Cytoplasms/sublines/recurrent parents 24 0.50 
Cytoplasms/original lines/rec. parents 4 0.60 
Cytoplasms/Rf sublines/rec. parents 20 0.4? 
Cytoplasms 1 0.84 
Cytoplasms x recurrent parents 3 0.44 
Cytoplasms x Rf sutlines/Bé 4 0.26 
Cytoplasms x Ef sublines/Hy 4 0.31 
Cytoplasms x Rf sublines/Mlk 4 0.90 
Cytoplasms x Rf sublines/B37 4 0.3? 
Error (c) 144 0.6? 
Total 335 
^•Exceeds level; **exceeds 1% level. 
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were detected among recovered sublines In crosses Involving 
the recurrent parent B37. 
Comparisons of the mean number of lesions per recurrent 
parent are presented in Table 19. The ordered rank of the 
recurrent parents was the same in all comparisons of mean 
number of lesions. However, differences between means varied 
according to probability level and the groups of sublines used 
to calculate the mean values. In the three groups of com­
parisons summarized in Table 19, no significant differences 
between B37 and M14 were detected. The ordered rank of the 
recurrent parents was the same as in comparisons of mean 
resistance ratings. Better separation of means was achieved In 
comparisons of the mean resistance ratings than in comparisons 
of lesion counts. 
Among the sublines of B6, the general trend was toward an 
Increased number of lesions in the presence of sterile cyto­
plasm. Among the sublines of the other recurrent parents, the 
general trend was toward an Increased number of lesions in the 
presence of normal cytoplasm. 
Comparisons of the mean number of lesions among the B37 
recovered sublines are presented in Table 20. In these com­
parisons, the only significant difference detected was a 
difference of 1.36 lesions between the extreme mean values. 
In the third experiment conducted in 19^2, the recurrent 
parents Oh4l and Hy were assigned as whole unit treatments, 
sublines within recurrent parents to sub-units, and cytoplasms 
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Table 19. Mean number of lesions obtained In 1962 for original 
and recovered sublines of four recurrent parents 
using Ky21 as restorer genes source and tested In 
normal and Texas-type pollen-sterile cytoplasm 
Mean number of Multiple ranges* 
Recurrent parent lesions P=.05 1?
 
B
 
All sublines 
HY 3.58 a a 
b6 4.27 b b 
M14 4.70 b b 
B37 5.77 c c 
Rf sublines " 
HY 3.59 a a 
b6 4.31 b ab 
4.73 b b 
B37 5.84 c c 
Original lines 
HY 3.54 a a 
b6 4.06 a a 
Ml4 4.58 ab ab 
B37 5.46 b b 
^Means followed by same letter not significantly different. 
Table 20. Mean number of lesions obtained in i962 among B3? 
recovered restorer sublines using Ky21 as restorer 
genes source and tested in normal and Texas-type 
pollen-sterile cytoplasm 
PEDIGREE 
MEAN NUMBER OF 
LESIONS^ 
WP9 X (KY21 X B37^)-LS-4-3A 5.12 A 
-LS-5-3A 5.84 AB 
-4S-3-3B 5.86 AB 
-4S—3~'7A 5.89 AB 
-4S-3-8A 6.48 B 
^•Means followed by same letter not significantly different 
at 5^ level. 
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to sub-sub-units. Objectives were to test for differences in 
resistance ratings and lesion counts because of the main 
effects and interactions of the preceding factors. In this 
experiment, Txl27c was used as source of restorer genes. 
In the analysis of variance to determine the main effects 
of recurrent parents, the values used were combined values 
determined from crosses involving the recovered restorer sub­
lines and the original nonrecovered, recurrent parent. The 
analysis of variance of the resistance ratings obtained from 
this experiment is summarized in Table 21. 
Mean ratings of the recurrent parents, Oh4l and Hy, were 
3.81 and 4.92 respectively. The difference between these means 
exceeded the 1% level. 
Additional comparisons were made of the mean ratings of 
the recurrent parents averaged over recovered and nonrecovered 
sublines. In both cases differences between the recurrent 
parents, Oh41 and Hy, exceeded the 1% probability level. 
Significant differences were detected among mean resist­
ance ratings of the Hy recovered restorer sublines. A ranked 
array of the mean resistance ratings of these recovered sub­
lines is presented in Table 22. 
In the analysis of variance of the ratings from the third 
experiment conducted in 1962, highly significant differences 
were detected in all tests of the main effects of cytoplasms. 
Paired comparisons were made of the difference between 
71 
Table 21. Analysis of variance of resistance ratings obtained 
in 1962 for recovered and original sublines of Oh4l 
and Hy using Txl27c as restorer genes source and 
tested In normal and Texas-type pollen-sterile 
cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares^ 
Replications 6 7.18 
Recurrent parents 1 • 51.70** 
Error (a) 6 0.60 
Sublines within Oh4l 5 0.68 
Original vs. Rf sublines 1 0.49 
Among Rf sublines 4 0.73 
Sublines within Hy 5 0.74 
Original vs. Rf sublines 1 0.12 
Among Rf sublines 4 0.89* 
Error (b) 60 0.35 
Cytoplasms/sublines/recurrent parents 12 0.84** 
Cytoplasms/original lines/rec. parents 2 0.93** 
Cytoplasms/Rf sublines/rec, parents 10 0.83** 
Cytoplasms 1 3.36** 
Cytoplasms x recurrent parents 1 3.24** 
Cytoplasms x Rf 8ubllnes/0h4l 4 0.06 
Cytoplasms x Rf sublines/Hy 4 0.36 
Error (cj 72 0.19 
Total 167 
^*Exceeds level; **exceeds 1% level. 
cytoplasm mean values within each entry. Results of these com­
parisons are summarized in Table 23. 
None of the comparisons of differences between cytoplasms 
was significant in crosses involving Oh4l. In comparisons of 
crosses involving Hy, highly significant differences were 
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Table 22. Mean resistance ratings obtained in 1962 among Hy 
recovered restorer sublines using Txl27c as restorer 
genes source and tested in normal and Texas-type 
pollen-sterile cytoplasm 
Pedigree 
Mean resistance 
rating* 
WP9 x (Txl27c x Hy7)-ls-2-5 4.53 a 
-18-2-3 4.77 ab 
-ls-2—1 4.99 ab 
-ls-2-4 5.11 b 
-ls-2-2 5.12 b 
^Means followed by same letter not significantly different 
at 5^ level. 
Table 23. Mean resistance ratings and differences between mean 
resistance ratings obtained in 1962 for recovered 
and nonrecovered sublines of recurrent parents Oh4l 
and Hy using Txl27c as restorer genes source and 
tested in normal and Texas-type pollen-sterile cyto­
plasm 
Pedigree 
Mean resistance ratine 
cytoplasm T cytoplasm 
Differ­
ence* 
WF9 x (Txl27c x Oh4l7)-ls-l-
-1 3.94 3.73 +0.21 
—-s-2-
-1 3.81 3.84 -0.03 
—Is—2" -2 4.16 4.26 -0.10 
—ls-2" 
-3 3.56 3.59 -0.03 
-ls-2--4 3.74 3.83 -0.09 
WF9 x Oh4l 3.54 3,74 -0.20 
Mean (all lines) 3.79 3.83 -0.04 
Mean (recovered sublines) 3.84 3.85 -0.01 
WF9 x (Txl27c x Hy7)-ls-2-l 4.60 5.39 -0.79** 
-ls-2-2 4.90 5.34 -0.44 
-ls-2-3 4.46 5.09 -0.63** 
-1 s - 2 -4 5.01 5.20 -0.19 
-ls-2-5 4.01 5.04 -1.03** 
WF9 x Hy 4.66 5.36 -0.70** 
Mean (all lines) 4.61 5.24 -0.63** 
Mean (recovered sublines) 4.60 5.21 -0.61** 
***Exceed8 1%' level. 
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detected between cytoplasm mean values in three of the five 
recovered sublines and in the original nonrecovered line. 
Comparisons of the mean cytoplasm values, determined over 
all Hy sublines and over the Hy recovered sublines, detected 
highly significant differences. 
A highly significant interaction of cytoplasms x recurrent 
parents was detected in the analysis involving the recovered 
sublines. The data and results of t tests, summarized in 
Table 23. support the conclusion that the interaction was 
caused by a lack of significant differences in the mean cyto­
plasm values determined over Oh4l recovered sublines, and the 
presence of a highly significant difference between means 
determined over Hy recovered sublines. 
With one exception among these data, differences between 
cytoplasms indicated increased susceptibility in the presence 
of male-sterile cytoplasm. However, all differences between 
cytoplasms in the crosses involving Oh4l must be attributed to 
random deviations. 
The analysis of variance of the lesion counts obtained 
from the third 1962 experiment is summarized in Table 24. In 
this analysis highly significant differences in mean number of 
lesions were detected in comparisons of the effects of recur­
rent parents. The mean number of lesions, when determined over 
all sublines, was 3*03 and 4.11 in 0h4l and Hy respectively. 
The difference between these means exceeded the 1% probability 
level. When determined over recovered sublines only, mean 
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Table 24. Analysis of variance of number of lesions obtained 
in 1962 for recovered and original sublines of Oh4l 
and Hy using Txl27c as restorer genes source and 
tested in normal and Texas-type pollen-sterile 
cytoplasm 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares* 
Replications 6 8.09 
Recurrent parents 1 48.54** 
Error (a) 6 2.37 
Sublines within 0h4l 5 0.63 
Original vs. Rf sublines 1 0.04 
Among Rf sublines 4 0.78 
Sublines within Hy 5 1.32 
Original vs. Rf sublines 1 0.20 
Among Rf sublines 4 1.60 
Error (b) 60 0.64 
Cytoplasms/sublines/recurrent parents 12 0.47 
Cytoplasms/original lines/rec. parents 2 0.07 
Cytoplasms/Rf sublines/rec. parents 10 0.56 
Cytoplasms 1 2,16* 
Cytoplasms x recurrent parents 1 0.21 
Cytoplasms x Rf suDlines/0h4l 4 0.75 
Cytoplasms x Rf sublines/Hy 4 0.05 
Error (c) 72 0.43 
Total 167 
•Exceeds level; **exceeds \% level. 
values for Oh4l and Hy were 3.02 and 4.13 respectively. The 
difference between these means exceeded the 1% probability 
level. When determined over the original lines only, mean 
values were 3.08 and 4.00. The difference between these means 
was not significant. 
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Comparisons of the cytoplasm mean values, averaged over 
the recovered sublines, detected a significant difference. 
Mean number of lesions in normal and sterile cytoplasm deter­
mined from the recovered sublines was 3.^5 and 3«70 respec­
tively. 
No general trend toward increased number of lesions in 
either sterile or normal cytoplasm was evident among the 0h4l 
sublines. Without exception, there was an increased number of 
lesions in the presence of sterile cytoplasm among the Hy sub­
lines. 
Results of 1963 Experiment 
In 1963 all entries were tested in a single experiment 
using a split-split-plot experimental design with whole units 
in seven replications. Tester parents Oh51A, Oh43, WF9 and 
CI.31A and recurrent parents Hy, Bl4 and 38-11 in single 
cross were assigned as whole unit treatments. Sub-unit treat­
ments were restorer groups Txl27c or Ky21 and the nonrestored 
(NR) group. Sub-sub-unit treatments were normal cytoplasm and 
Texas-type pollen-sterile cytoplasm. 
Objectives were to test for differences in resistance 
ratings and lesion counts because of the main effects and 
interactions of testers, recurrent parents, restorer genes 
source and cytoplasm type. The analysis of variance of the 
ratings obtained in this experiment is summarized in Table 25. 
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Table 25. Analysis of variance of resistance ratings obtained 
in 1963 for four recovered pollen fertility restorer 
lines, each with two restorer sources, and their 
recurrent parents in single crosses with four inbred 
line- testers, each with pollen-sterile and normal 
cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares^ 
Replications 6 15.01 
Testers 3 244.79** 
Lines 3 30.71** 
Testers x lines 9 3.48** 
Error (a) 90 0.83 
Sources 2 0.94** 
Testers x sources 6 0.36 
Lines x sources 6 0.41* 
Testers x lines x sources 18 0.21 
Error (b) 192 0.18 
Cytoplasms 1 0.97** 
Sources x cytoplasms 2 0.08 
Cytoplasms within sources 3 0.37* 
Cytoplasms within Txl27c 1 0.29 
Cytoplasms within Ky21 1 0.74* 
Cytoplasms within N3 lines 1 0.09 
Testers x cytoplasms 3 0.18 
Testers x sources x cytoplasms 6 0.11 
Tes-eery x cytoplasms within sources 9 0.13 
Testers x cytoplasms within Txl27c 3 0.04 
Testers x cytoplasms within Ky21 3 0.15 
Testers x cytoplasms within NR lines 3 0.20 
Lines x cytoplasms 3 0.33 
Lines x sources x cytoplasms 6 0.17 
Lines X cytoplasms within sources 9 0.22 
Lines x cytoplasms within Txl27c 3 0.23 
Lines x cytoplasms within Ky21 3 0.23 
Lines x cytoplasms within NR lines 3 0.21 
^Exceeds 5^ probability level; **exceed8 probability 
level. 
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Table 25. (Continued) 
Degrees 
Source of variation of Mean 
freedom squares® 
Testers x lines x cytoplasms 9 0.09 
Testers x lines x sources x cytoplasms 18 0.12 
Testers x lines x cytoplasms within 
sources 27 0.11 
Testers x lines x cytoplasms within 
Txl27c 9 0.16 
Testers x lines x cytoplasms within 
Ky21 9 0.10 
Testers x lines x cytoplasms within 
NR lines 9 0.07 
Error (c) 288 0.13 
Total 671 
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In the analysis of variance of the whole unit treatments, 
significant differences in ratings were detected because of the 
main effects and interactions of testers and recurrent parents. 
The analysis of variance showed that 66^ of the total sums of 
squares could be attributed to the main effects of the tester 
parents. At either level, the mean rating of each tester 
parent was significantly different from that of any other 
tester parent. 
In comparisons of the recurrent parents, no significant 
difference was detected between the mean ratings of 38-11 and 
Bl4. The means of Hy and Ml4 were different from one another 
and from the means of the other recurrent parents. 
Highly significant differences in mean ratings were 
detected because of the main effects of sources ; Mean ratings 
of the entries in each of the restorer source groups are 
presented in Table 26. 
Table 26. Mean resistance ratings obtained in 1963 for two 
sources of restorer genes and the nonrestorer group 
(NR) as averaged over testers, recurrent parents 
and cytoplasms 
Restorer source Mean resistance Multiple ranges^ 
group rating P=.05 P=.01 
Ky 21 5.46 a a 
Txl27c 5.50 a ab 
NR lines 5.59 b b 
a 
Means followed by same letter not significantly differ­
ent at indicated level. 
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Although differences between restorer source group means 
were highly significant, they were numerically small. Mean 
ratings of Ky21 and the nonrestorer groups were j.46 and 5.39 
respectively. The difference between these means was signifi­
cant at either level of probability. The numerical difference 
was 0.13 or 2.3^ of the overall mean. 
A significant interaction of recurrent parents x sources 
was detected in the analysis of variance. The causes of this 
interaction can be seen most readily by examinations of the 
means and separation of means summarized in Table 27. 
Table 27. Mean resistance ratings obtained in 1963 for two 
sources of restorer genes and the nonrestorer (NR) 
lines within four recurrent parents as averaged 
over all testers and cytoplasms 
Restorer source 
group 
Mean resistance rating in* 
M14 Hy Bl4 38-11 
Ky21 5.85 a 4.97 a 5.56 a 5.47 a 
Txl27c 5.93 ab 4.93 a 5.53 a 5.62 a 
NR lines 6.09 b 4.90 a 5.77 b 5.60 a 
^Means followed by same letter not significantly differ­
ent at 5/^ level. 
When Ky and 38-II were used as recurrent parents, no signifi­
cant differences between source means were detected. When Bl4 
was used as recurrent parent, uhe mean value of the nonrecov-
ered group was significantly different from either the Txl27c 
or Ky2l means. When Ml4 was used as recurrent parent, Ky21 
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and the nonrecovered group means were significantly different, 
but all other comparisons detected no significant differences. 
In none of the comparisons summarized in Table 2? was a 
significant difference between Ky21 and Txl27c detected. 
Irrespective of recurrent parent, significant differences 
detected were between the nonrecovered group and the Ky21 or 
Txl27c restorer source. 
In the analysis of variance of the sub-sub-unit treat­
ments, a highly significant difference was detected because of 
the main effects of cytoplasm type. Mean ratings of entries in 
normal and sterile cytoplasm were ^.48 and 5*56 respectively. 
The difference between these means was l,k% of the overall 
experimental mean. 
No significant differences were detected because of the 
interaction of cytoplasms x sources. However, the preceding 
interaction was tested using values averaged over the restored 
sublines and nonrestored lines. The failure to detect a sig­
nificant interaction indicated: (a) the cytoplasms acted the 
same within all sources or (b) there were significant differ­
ences between cytoplasms within sources but the test of the 
interaction mean square failed to detect these differences. To 
test the plausibility of the latter alternative, the degrees 
of freedom and sums of squares were combined for the sources of 
variation, cytoplasms and cytoplasms x sources. These combined 
sums of squares were then partitioned in the comparisons, cyto­
plasms within Txl27c, cytoplasms within Ky21 and cytoplasms 
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within the nonrestorer lines. Each of the preceding compari­
sons had one degree of freedom, as summarized in Table 25. 
The F test of the mean square for cytoplasms within Ky21 
detected a significant difference. Mean ratings of normal and 
sterile cytoplasms within Ky21 were 3.4l and 5«52 respec­
tively. The difference between these means was significant at 
the 3^ probability level and was 2.0# of the overall mean. 
No other significant differences were detected in the 
analysis of variance of the ratings of sub-sub-units. 
In this experiment there were three possible comparisons 
of cytoplasm means within source groups; in each of these 
comparisons increased susceptibility to leaf feeding was indi­
cated in the presence of sterile cytoplasm. There were four 
possible comparisons of cytoplasm means within testers; in 
three of the four comparisons increased susceptibility in 
sterile cytoplasm was indicated. There were four possible 
comparisons of cytoplasms within recurrent parents; in three 
of the four comparisons increased susceptibility in sterile 
cytoplasm was indicated. There were I6 possible comparisons of 
cytoplasms within tester by recurrent parent crosses (geno­
types) ; in 11 of these comparisons increased susceptibility in 
sterile cytoplasm was indicated. There were 48 possible 
comparisons of cytoplasm means within tester by recurrent 
parent by source combinations; in 35 of these comparisons 
increased susceptibility in sterile cytoplasm was indicated. 
Although the results of the analyses indicated the major 
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number of differences between cytoplasm means were random 
deviations, the data, per se. Indicated otherwise. 
In the analysis of variance of the lesion counts obtained 
in the I963 experiment, highly significant differences were 
detected because of the main effects of testers and recurrent 
parents. The mean square for the tester by recurrent parent 
interaction was significant at the 5% level. The analysis of 
variance of the lesion counts is summarized in Table 28. 
Comparisons were made of the mean number of lesions among 
the tester parents. At either level the means of CI.3IA and 
WF9 were significantly different from one another and from 
those of Oh^3 and Oh51A. The difference between the means of 
the latter two testers was not significant. 
Comparisons of the recurrent parent means also were made. 
At the 1% level there was no significant difference between the 
means of Hy, 38-II and Bl4, but the mean of each of these 
recurrent parents was different from the mean of Ml4. At the 
5^ level the means of Hy and M14 were different from one 
another and from those of 38-11 and B14. The means of the 
latter two parents were not different. 
In the analysis of variance of the lesion counts a sig­
nificant interaction of testers x sources was detected. This 
interaction mean square was significant at the 5^ level and 
approached significance at the 1^ level. 
The significant interaction of testers x sources is best 
demonstrated by the separations of mean number of lesions 
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Table 28. Analysis of variance of lesion counts obtained in 
1963 for four recovered pollen fertility restorer 
lines, each with two restorer sources, and their 
, recurrent parents in single crosses with four inbred 
line testers, each with pollen-sterile and normal 
cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares®" 
Replications 6 20.13 
Testers 3 129.16** 
Lines 3 14.24** 
Testers x lines 9 3.33* 
Error (a) 90 1.41 
Sources 2 0.24 
Testers x sources 6 1.68* 
Lines X sources 6 0.34 
Testers x lines x sources .18 0.47 
Error (b) 192 0.63 
Cytoplasms 1 1.76 
Sources x cytoplasms 2 0.15 
Cytoplasms within sources 3 0.69 
Cytoplasms within Txl27c 1 1.20 
Cytoplasms within Ky21 1 0.12 
Cytoplasms within NR lines 1 0.74 
Testers x cytoplasms 3 0.37 
Testers x sources x cytoplasms 6 0.64 
Testers x cytoplasms within sources 9 0.55 
Testers x cytoplasms within Txl27c 3 0.62 
Testers x cytoplasms within Ky21 3 0.10 
Testers x cytoplasms within NR lines 3 0.93 
Lines x cytoplasms 3 0.20 
Lines X sources x cytoplasms 6 0.62 
Lines x cytoplasms within sources 9 0.48 
Lines x cytoplasms within Txl27c 3 0.23 
Lines x cytoplasms within Ky21 3 0.35 
Lines X cytoplasms within NR lines 3 0.86 
^*Exceeds level; **e%ceeds 1% level. 
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Table 28. (Continued) 
Degrees 
Source of variation of Mean 
freedom squares 
Testers x lines x cytoplasms 9 0.64 
Testers x lines x sources x cytoplasms 18 0.67 
Testers x lines x cytoplasms within 
0.66 sources 27 
Testers x lines x cytoplasms within 
Txl27c 9 0.89 
Testers x lines x cytoplasms within 
0.56 Ky21 9 
Testers x lines x cytoplasms within 
0.54 NR lines 9 
Error (c) 288 0.46 
Total 671 
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among the sources when compared within each tester, as summa­
rized in Table 29. 
Table 29. Mean number of lesions obtained in 1963 for two 
sources of restorer genes and the nonrestorer lines 
(NR) within tester parents as averaged over recur­
rent parents and cytoplasms 
Mean number of lesions within a 
Restorer source Combined 
group Oh51A Oh43 WF9 CI.3IA testers 
Txl27c 3.24 a 3.00 a 4.11 a 2.35 a 3.17 a 
Ky21 2.95 a 2.97 a 4.56 b 2.26 a 3.19 a 
NR lines 3.05 a 3.14 a 4.52 b 2.24 a 3.24 a 
^Means followed by same letter not significantly differ­
ent at 5^ level. 
When compared wichin Oh51A, Oh43, and CI.3IA, the mean 
values of the restorer groups were not significantly different. 
When compared within WF9, the mean value of Txl27c was signif­
icantly different from the means of Ky21 and the nonrestored 
lines. There was no significant difference between the means 
of the latter two groups. These comparisons support the fail­
ure of the sources to act the same within tester parents. 
At the and \% levels the mean square for testing the 
main effects of cytoplasms on number of lesions was not sig­
nificant. In the P test of the main effects of cytoplasms, 
f^=l and f2=283; with these degrees of freedom the tabular 
value of P, at the level, is about 3'8?. The calculated 
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value of F was 3.79 and closely approached the tabular value 
required for significance at the level. Because the 1% and 
5^ levels were designated levels of acceptance, differences 
between mean number of lesions because of the effects of cyto­
plasms must be attributed to random deviations. The mean 
number of lesions in the presence of sterile cytoplasm was 
3.15 and in the presence of normal cytoplasm 3.25. No trends 
toward increased susceptibility in presence of normal or 
sterile cytoplasm were apparent. 
On June 28, 1963 a severe storm, accompanied by winds of 
high velocity, swept through the experimental area and con­
siderable plant damage resulted. Cursory examinations indi­
cated differential stalk breakage and lodging had occurred 
according to group genotypes. On July 1, 1963 counts were made 
of plants remaining in this experiment. 
Leaf feeding ratings were made before the storm occurred. 
Lesion counts were obtained after the storm occurred. 
The stand count data were analyzed using the same analysis 
of variance used in the analysis of the leaf feeding ratings 
and lesion counts, A summary of this analysis of variance is 
presented in Table 30. The analysis of variance confirmed the 
indications of the cursory examinations. Highly significant 
differences in plant stands were detected because of the main 
effects and interaction of recurrent parents and testers. The 
mean squares for the main effects of sources and cytoplasms 
were not significant. However, several of the first and second 
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Table 30. Analysis of variance of stand counts obtained in 
1963 for four recovered pollen fertility restorer 
lines, each with two restorer sources, and their 
recurrent parents in single crosses with four inbred 
line testers, each with pollen-sterile and normal 
cytoplasm 
Degrees 
Source of variation of Mean % 
freedom squares 
Replications 6 6.31 
Testers 3 125.02** 
Lines 3 112.25** 
Testers x lines 9 18.38** 
Error (a) 90 2.26 
Sources 2 1.93 
Testers x sources 6 1.13 
Lines x sources 6 3.38* 
Testers x lines x sources 18 1.41 
Error (b) 192 1.21 
Cytoplasms 1 3.87 
Sources x cytoplasms 2 0.43 
Cytoplasms within sources 3 1.58 
Cytoplasms within TxlZfc 1 0.29 
Cytoplasms within Ky21 1 0.88 
Cytoplasms within NR lines 1 3.57 
Testers x cytoplasms 3 5.29** 
Testers x sources x cytoplasms 6 1.60 
Testers x cytoplasms within sources 9 2.83* 
Testers x cytoplasms within Txl27c 3 0.87 
Testers x cytoplasms within Ky21 3 0.96 
Testers x cytoplasms within NE lines 3 6.67** 
Lines x cytoplasms 3 0.90 
Lines X sources x cytoplasms 6 2.91* 
Lines X cytoplasms within sources 9 2.24 
Lines x cytoplasms within Txl27c 3 1.68 
Lines x cytoplasms within Ky21 3 2.87 
Lines x cytoplasms within NR lines. 3 2.17 
^Exceeds 5^ level; **exceeds 1% level. 
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Table 30. (Continued) 
Degrees 
Source of variation of Mean ^  
freedom squares 
Testers x lines x cytoplasms 9 2.j8 
Testers x lines x sources x cytoplasms 18 1.93 
Testers x lines x cytoplasms within 
sources 27 2.15 
Testers x lines x cytoplasms within 
Txl27c 9 2.51 
Testers x lines x cytoplasms within 
Ky21 9 1.71 
Testers x lines x cytoplasms within 
NR lines 9 2.21 
Error (c) 288 1.29 
Total 671 
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order interaction mean squares were significant in the analysis 
of variance of the sub- and sub-sub-units. 
Because of the preceding findings, a portion of the 
analysis of covariance was used to determine sample correlation 
coefficients. Sample correlation coefficients were determined 
to test the association of plant stand with number of lesions 
for each source of variation in the basic analysis of variance. 
These statistics are presented in Table 31. In these deter­
minations the whole unit and sub-unit error terms were parti­
tioned into their component terms; i.e., replications x 
testers, replications x recurrent parents, etc. Only the 
correlation coefficient for the replications x recurrent par­
ents (lines) source of variation was significant. 
Generally, the correlation coefficients supported the 
premise of little association between plant stands and number 
of lesions. This premise was verified by the results of the 
analysis of covariance of lesion counts adjusted for stand, as 
summarized in Table 32. The results of the F tests in the 
analysis of covariance corresponded exactly with the results of 
F tests in the analysis of variance of the unadjusted lesion 
counts. 
Because major interest was in the effects of sources and 
cytoplasms on host plant resistance to the corn borer, addi­
tional discussions of the results of the analysis of variance 
of the stand count data are not presented. 
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Table ^1. Correlation coefficients to test association of 
plant stands with number of lesions obtained in 
1963 as determined for sources of variation in the 
basic analysis of variance of a split-split-plot 
experimental design 
Source of variation 
Degrees 
of 
freedom 
Correlation 
coefficient 
Replications 5 .014 
Testers 2 
-.709 
Lines 2 .915 
Testers x lines 8 .410 
Replications x testers 17 -.344 
Replications x lines 17 -.458* 
Replications x testers x lines 53 -.001 
Sources 1 .705 
Testers x sources 5 -.750 
Lines x sources 5 -.528 
Testers x lines x sources 17 -.030 
Rep. X sources 11 
-.035 
Rep. X testers x sources 35 .207 
Rep. X lines x sources 35 • -.114 
Rep. X testers x lines x sources 107 -.121 
Cytoplasms 0 
Testers x cytoplasms 2 
-.033 
Lines X cytoplasms 2 
.099 
Testers x lines x cytoplasms 8 .071 
Sources x cytoplasms 1 .040 
Testers x sources x cytoplasms 5 .225 
Lines x sources x cytoplasms 5 .170 
Testers x lines x sources x cytoplasms 17 .082 
Error (c) 287 -.078 
a 
•Exceeds 5^ level. 
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Table 32. Analysis of covariance of plant stands on lesions 
counts obtained in 1963 for four recovered pollen 
fertility restorer lines, each with two restorer 
sources, and their recurrent parents in single 
crosses with four inbred line testers, each with 
pollen-sterile and normal cytoplasm 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares' 
Heplications 6 20.15 
Testers 3 92.47** 
Lines 3 10.49** 
Testers x lines 9 3.39* 
Error (a) 89 1.40 
Sources 2 0.29 
Testers x sources 6 1.57* 
Lines X sources 6 0.29 
Testers x lines x sources 18 0.47 
Error (b) 191 0.63 
Cytoplasms 1 1.51 
Cytoplasms x sources 2 0.15 
Cytoplasms within sources 3 0.60 
Cytoplasms within Txl2?c 1 1.14 
Cytoplasms within Ky21 1 0.08 
Cytoplasms within NR lines 1 0.59 
Testers x cytoplasms 3 0.38 
Testers x sources x cytoplasms 6 0.66 
Testers x cytoplasms within sources 9 0.57 
Testers x cytoplasms within TxlZfc 3 0.67 
Testers x cytoplasms within Ky21 3 0.12 
Testers x cytoplasms within NR lines 3 0.91 
Lines x cytoplasms 3 0.20 
Lines X sources x cytoplasms 6 0.65 
Lines x cytoplasms within sources 9 0.50 
Lines x cytoplasms within Txl27c 3 0.22 
Lines x cytoplasms within Ky21 3 0.44 
Lines x cytoplasms within NR lines 3 0.84 
^•Exceeds 5^ level; **exceeds level. 
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Table 32. (Continued) 
Degrees 
Source of variation of Mean 
freedom squares®' 
Testers x lines x cytoplasms 9 0.63 
Testers x lines x sources x cytoplasms 18 0.69 
Testers x lines x cytoplasms within 
sources 27 0.6? 
Testers x lines x cytoplasms within 
Txl27c 9 0.93 
Testers x lines x cytoplasms within 
Ky21 9 0.6l 
Testers x lines x cytoplasms within 
NE lines 9 0.48 
Error (c) 28? 0.46 
Total 668 
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Results of 1964 Experiment 
The 1964 experiment was identical to that in I963. In 
1964 a portion of the seventh replication was planted in an 
area in which the soil was polluted by an unknown chemical. 
The plants in this portion of the replication were stunted 
severely and exhibited other symptoms of plant damage; conse­
quently, the seventh replication was abandoned. 
Only resistance ratings were obtained in 1964. The objec­
tives of this experiment were the same as for the 19^3 experi­
ment. The analysis of variance of the resistance ratings 
obtained in 1964 is summarized in Table 33» 
In the analysis of the whole unit treatments, the mean 
squares for testers and recurrent parents (lines) were highly 
significant. The F ratio for testing the testers x lines 
interaction was not significant. At either the 5^ or 1^ levels 
of probability, the mean ratings of recurrent parents, Hy, Bl4, 
and 38-11, were not different. At either level, the mean 
resistance rating of M14 was different from the mean of any 
other recurrent parent. The means of all testers were differ­
ent, and the differences exceeded the 1^ level. 
In the analysis of variance of the sub-units, a signifi­
cant Interaction of sources x recurrent parents was detected. 
No significant differences were detected because of the main 
effects of sources. Reasons for the significant interaction of 
sources x lines are Illustrated best by the means and separa­
tion of means as summarized in Table 34. 
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Table 33* Analysis of variance of resistance ratings obtained 
in 1964 for four recovered pollen-fertility restorer 
lines, each with two restorer sources and their 
recurrent parents in single crosses with four inbred 
line testers, each with pollen-sterile and normal 
cytoplasm 
Degrees 
Source of variation of Mean 
freedom squares^ 
Replications 5 12.25 
Testers 3 260.24** 
Lines 3 19.80** 
Testers x lines 9 1.28 
Error (a) 75 0.80 
Sources 2 0.12 
Testers x sources 6 0.21 
Lines x sources 6 0.58* 
Testers x lines x sources 18 0.14 
Error ( b )  160 0.22 
Cytoplasms 1 0.09 
Sources x cytoplasms 2 0.28 
Cytoplasms within sources 3 0.22 
Cytoplasms within Txl27c 1 0.14 
Cytoplasms within Ky21 1 0.47 
Cytoplasms within NK lines 1 0.04 
Testers x cytoplasms 3 0.59* 
Testers x sources x cytoplasms 6 0.33 
Testers x cytoplasms within sources 9 0.42* 
Testers x cytoplasms within Txl27c 3 0.62* 
Testers x cytoplasms within Ky21 3 0.19 
Testers x cytoplasms within NE lines 3 0.45 
Lines x cytoplasms 3 0.23 
Lines x sources x cytoplasms 6 0.03 
Lines x cytoplasms within sources 9 0.09 
Lines x cytoplasms within Txl27c 3 0.09 
Lines X cytoplasms within Ky21 3 0.10 
Lines x cytoplasms within NR lines 3 0.10 
^*Exceeds level; **exceeds \% level. 
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Table 33. (Continued) 
Degrees 
Source of variation of Mean 
freedom squares' 
Testers x lines x cytoplasms 9 0.06 
Testers x lines x sources x cytoplasms 18 0.14 
Testers x lines x cytoplasms within 
sources 27 0.12 
Testers x lines x cytoplasms within 
0.l6 Txl27c 9 
Testers x lines x cytoplasms within 
Ky21 9, 0.06 
Testers x lines x cytoplasms within 
NR lines 9 0.12 
Error (c) 288 0.19 
Total 575 
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Table 34. Mean resistance ratings obtained in 1964 for two 
restorer genes sources and the nonrestorer lines 
(NR) as averaged over all testers and cytoplasms 
and compared within recurrent parents 
Mean resistance rating in^ 
Restorer source Combined 
group Ml4 Hy Bl4 38-11 lines 
Txl2?c 5.65 a 4.68 a 4.76 a 4.93 a 5.00 a 
Ky21 5.59 a 4.8? b 4.77 a 4.78 a 5.00 a 
NR lines 5.47 a 4.96 b 4.87 a 4.87 a 5.04 a 
^Means followed by same letter not significantly differ­
ent at 5^ level. 
When compared within Ml4, Bl4, 38-11 and over combined 
lines, the mean ratings of the source groups were not signifi­
cantly different. When compared within the recurrent parent 
Hy, the mean of TzlZfc was significantly different from the 
mean of Ky21 and the nonrestorer lines, but the means of the 
latter two groups were not different. These comparisons illus­
trate the failure of the sources to act the same within 
recurrent parents. It was noted also that there were shifts in 
the rank of sources groups when compared within individual 
recurrent parents. 
In the analysis of variance of the leaf feeding ratings of 
the sub-sub-units, the only significant mean square was that 
for the interaction, testers x cytoplasms. Partitions of the 
sums of squares for testers x cytoplasms within sources showed 
this significant interaction was caused by an Interaction of 
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testers x cytoplasms within restorer source Txl27c. Mean 
ratings and differences between the mean ratings of sterile 
cytoplasm and normal cytoplasm within testers within restorer 
genes source Txl27c are summarized in Table 35» 
Table 35* Mean resistance ratings and differences between 
mean resistance ratings of normal and Texas-type 
pollen-sterile cytoplasm obtained in 1964 as 
averaged over recurrent parents and compared 
within testers in the presence of restorer genes 
source Txl27c 
Restorer genes Mean resistance rating Differ-
Tester source N cytoplasm T cytoplasm ence^ 
C I . 3 1 A  Txl27c 3 . 4 7  3.40 +0.0? 
Oh43 Txl27c 4.43 4.6? -0.24 
Oh51A Txl27c 5.76 5.44 +0.32* 
WF9 Txl27c 6.47 6.41 +0.06 
^*Exceeds 5^ level. 
The data and results of t tests, summarized in Table 35> 
show there was a significant difference between the mean values 
of normal and sterile cytoplasms compared within Oh5lA in the 
presence of Txl27c restorer genes source. Similar comparisons 
within testers Oh43, WP9 and CI.31A detected no significant 
differences. The comparisons of cytoplasm means within Oh5lA 
showed increased susceptibility to leaf feeding in the presence 
of normal cytoplasm. The t value for testing the difference 
between cytoplasm means within Oh^lA approached the level. 
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In the 1964 experiment mean resistance ratings in the 
presence of normal and sterile cytoplasm were 5.00 and 5*03 
respectively. In the comparisons of cytoplasms within testers, 
cytoplasms within recurrent parents, cytoplasms within sources, 
cytoplasms within tester by line combinations (genotypes), 
etc., no general trend was evident of increased susceptibility 
or resistance in the presence of either cytoplasm type. 
Results of Analyses of Combined 
1963-64 Experiments 
Except for number of replications, the 1963 and 1964 
experiments were identical. A randomly selected replication 
was omitted from the resistance rating data obtained in 1963. 
The resistance ratings for 1963 and 1964 then were combined, 
and these experiments were analyzed as experiments repeated in 
time. The analysis of variance of the combined data is sum­
marized in Table 36. 
In the procedures followed In the analysis of variance of 
the combined data, it is recommended that the error terms be 
tested for homogeneity over years. I.e., 1963 Error (a) versus 
1964 Error (a). Error variances (a), (b) and (c) were tested 
for homogeneity using Bartlett's as outlined by Snedecor 
(1961). Chi-square values obtained to test homogeneity of the 
sets of error variances are presented in Table 37 « 
The probabilities of the chi-square values supported 
homogeneity of error terms (a) and (b) respectively, and 
heterogeneity of error terms (c). Degrees of freedom 
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Table 36. Analysis of variance of resistance ratings of com­
bined 1963 and 1964 experiments with four recovered 
pollen fertility restorer lines, each with two 
restorer sources, and their recurrent parents in 
single crosses with four inbred line testers, each 
with pollen-sterile and normal cytoplasm 
f|l^ Degrees f2 Degrees 
Source of variation of Mean of 
freedom squares®' freedom 
Years 1 86.08* 10 
Replication within years 10 14.28** 150 
Testers 3 473.74** 3 
Years x testers 3 4.48** 150 
Lines 3 38.82 3 
Years x lines 3 8.32** 150 
Testers x lines 9 3.11** 159 
Years x testers x lines 9 1.12 150 
Error (a) 150 0.83 
Sources 2 0.62* 322 
Txl27c vs. Ky21 1 0 -
Restored vs. NR lines 1 1.25* 322 
Years x sources 2 0.09 320 
Y X Txl27c vs. Ky2l 1 0 -
Y X restored vs. NH lines 1 0.19 320 
Terters x sources 6 0.42 326 
T X Txl27c vs. Ky2l 3 0.22 326 
T X restored vs. NE lines 3 0.62* 326 
Years x testers x sources 6 0.23 320 
Y X T % Txl27c vs. Ky2l 3 0.16 320 
Y X T X rest. vs. NR lines 3 0.31 320 
Lines x sources 6 0.48 6 
L X Txl27c vs. Ky21 3 0.72* 3 
L X restored vs. NS lines 3 0.25 3 
Years x lines x sources 6 0.45* 320 
Y X L X Txl27c vs. Ky21 3 0.03 320 
Y X L :c rest. vs. NR lines 3 0.87** 320 
Testers x lines x sources 18 0.20 338 
T X L X Txl27c vs. Zy2l 9 0.27 338 
I X L rest. vs. NR lines 9 0.13 338 
Years x test, x lines x sources 18 0.16 320 
Y X T X L X Txl27c vs. Ky2 , 9 0.19 320 
Y X T X L X rest. vs. NR lines 9 0.13 320 
Error (b) 320 0.20 
^Exceeds level; **exceeds 1% level. 
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Table 36. (Continued) 
Source of variation 
Cytoplasms 
Cytoplasms x sources 
Cyto. within sources 
Cyto./Txl27c 
Cyto./Ky21 
Cyto./NR lines 
Years x cytoplasms 
Years x sources x cyto. 
Y X cyto. within sources 
Y X cyto./Txl27c 
Y X cyto./Ky21 
Y X cyto./NR lines 
Testers x cytoplasms 
Testers x sources x cyto. 
T X cyto. within sources 
T X cyto./Txl27c 
T X cyto./Ky21 
T X cyto./NE lines 
Years x testers x cyto. 
Years x test, x sources x cyto. 
Y X T X cyto./sources 
Y X T X cyto./Txl27c 
Y X T X cyto,/Ky21 
Y X T X cyto./NR lines 
Lines x cytoplasms 
Lines X sources x cytoplasms 
Lines X cyto./sources 
Lines x cyto./Txl27c 
Lines x cyto./Ky21 
Lines x cyto./NR lines 
Years x lines x cytoplasms 
Years x lines x sources x cyto. 
Y X L X cyto. within sources 
Y X L X cyto./Txl27c 
Y X L X cyto./Ky21 
Y X L X cyto./NR lines 
Testers x lines x cytoplasms 
Test. X lines x sources x cyto. 
T X L X cyto. within sources 
T X L X cyto./Txl27c 
T X L X cyto./Ky21 
T X L X cyto./NR lines 
Degrees f2 Degrees 
of Mean of 
freedom squares^ freedom 
1 0.78* 240 
2 0.32 240 
3 0 . 4 7 *  240 
1 0.01 240 
1 1.28** 240 
1 0.13 240 
1 0.21 240 
2 0.0Ô 240 
3 0.11 240 
1 0.20 240 
1 0.14 240 
1 0 240 
3 0.30 3 
6 0.19 240 
9 0.23 240 
3 0.35 240 
3 0.28 240 
3 0.05 3 
3 0.48* 240 
6 0.18 240 
9 0.28 240 
3 0.32 240 
3 0 240 
3 0.52* 240 
3 0.12 3 
6 0.07 240 
9 0.09 240 
3 0.11 240 
3 0.04 240 
3 0.12 240 
3 0.48* 240 
6 0.06 240 
9 0.20 240 
3 0.26. 240 
3 0.24 240 
3 0.12 240 
9 0.06 240 
18 0.13 240 
27 0.10, 240 
9 0.15 240 
9 0.10 240 
9 0.06 240 
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Table 36. (Continued) 
Degrees f2 Degrees 
Source of variation of Mean of 
freedom squares®' freedom 
Years x testers x lines x cyto. 9 0.04 240 
Years x test, x lines x 
source x cyto, I8 0.11 240 
Y x T X L X cyto. within sour. 2? O.O8 240 
Y X T X L X cyto./Txl27c 9 0.08 240 
Y X T X L X cyto./Ky21 9 0.0? 240 
Y X T X L X cyto./NE lines 9 0.10 240 
Error (c) 480 O.15 
Total 1151 
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Table 37» Corrected chi-square values for testing homogeneity 
of error variance determined from resistance rat­
ings obtained in 19^3 ^ nd 1964 
Source Degrees 
of of Mean square 
variation freedom 1963 1964 Chi-square Probability 
Error (a) 75 0.86 0.80 0.10 >0.75 
Error (b) l60 0.18 0.22 1.60 >0.10 
Error (c) 240 0.12 0.19 12.53 <0.005 
^Degrees of freedom for chi-square 1. 
for error variance (c) were 240 in both years. With these 
degrees of freedom, error variances (c) were highly efficient 
estimates of the population parameters and heterogeneity is to 
be expected. Subsequent'to the tests of homogeneity of error 
variances, procedures followed were a function of whether or 
not the error variances were homogenous (Cochran and Cox 1957) • 
Mean resistance ratings for 1963 and 1964 were 5.56 and 
5.02 respectively. Overall mean resistance rating of the com­
bined data was 5*29. The difference between the means for 1963 
and 1964 was 0.54 or 10.2^ of the overall mean. In view of the 
relative sizes of the differences detected in the analyses of 
the individual experiments, there should be little risk in 
accepting the level of probability indicated for signifi­
cance of the difference between years. 
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In the analyses of the tester means for 19^3 and. 1964 
respectively, each tester mean was different from any other 
tester mean beyond the 1^ level. In the analysis of the com­
bined data, all tester means were different at the 5^ level. 
At the level, no difference was indicated between the means 
of Oh43 and Oh^lA. These results support the conservatism of 
the tests of differences between tester means determined from 
the combined data. 
In the tests of the combined data, a highly significant 
interaction of years x testers was detected. Banked arrays of 
the tester means within each year are presented in Table 38. 
Table 38» Mean resistance ratings and differences between 
mean resistance ratings of tester parents in 1963 
and 1964 as averaged over recurrent parents, 
sources, and cytoplasms, with whole units in six 
replications 
Mean resistance rating 
Tester 1963 1964 Difference 
CI.31A 4.21 3.39 0.82 
Oh43 5.10 4.56 0.54 
Oh5lA 5.84 5.62 0.22 
WP9 7.12 6.50 0.62 
Mean 5.56 5.02 0.54 
Each tester had the same rank in both years. However, the 
difference between the 1963 and 1964 means of CI.31A and Oh^lA 
respectively greatly exceeded the mean difference. It seems 
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logical to conclude this interaction was real, in fact, and 
was caused by a very pronounced difference between the means 
of CI.3IA in 1963 and 1964, or the lack of a pronounced differ­
ence between the means of Oh^lA. 
The mean square for testing the main effects of recurrent 
parents (lines) was not significant. Partially, this is a 
consequence of the conservative procedures used in the deter­
minations of the F ratios. The mean square for the inter­
action, years x recurrent parents (lines), was highly signifi­
cant. Mean resistance ratings of the recurrent parents within 
each year and differences between each recurrent parent during 
the two years are summarized in Table 39» Two features of the 
data summarized in Table 39 immediately support the highly 
significant interaction of years x lines. First, there are 
noticeable shifts in the ranks of the recurrent parents during 
the two years. Second, the differences between mean resistance 
ratings of individual lines vary widely. 
The data presented in Tables 38 and 39 are included to 
illustrate differences in borer damage during the years 1963 
and 1964. Irrespective of recurrent parent or tester, there 
was a lower level of resistance in 1964 than in 1963. Little 
variation in the genotypes of the tester or recurrent parents 
is to be expected. Therefore, it seems more logical to con­
clude that differences between years were more a reflection of 
the effects of environment on the insect than on the host 
plants. 
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Table 39. Mean resistance ratings and differences between mean 
resistance ratings of recurrent parents (lines) in 
1963 and 1964 as averaged over testers, sources and 
cytoplasms with whole units In six replications 
Mean resistance rating 
Recurrent parent 19^3 19^4 Difference 
Hy 4 .96  4 .84  0 .12  
38-11 5.64 4.86 0.78 
Bl4 5.66 4.80 0.86 
Ml4 6.00 5.57 0.43 
The analysis of variance of the combined leaf feeding 
ratings indicated a significant difference between the means of 
the restorer source groups. The partitions of the sums of 
squares for sources Indicated no difference between restorer 
genes sources Txl27c and Ky21, but did indicate a significant 
difference between the recovered restorer lines and the non-
restorer lines. Mean ratings of the Txl27c and Ky21 recovered 
restorer lines and of the nonrestorer lines, combined over 
years, were 5«S?, 5.27 and 5-34 respectively. The difference 
between the mean of the recovered restorer lines and the mean 
of the nonrecovered lines was 0.07 or 1.3^ of the overall mean. 
In the 1963 experiment, with whole units in seven replications, 
the difference between the means of the restorer lines group 
and the nonrestorer lines group was 0.11 or 2.0# of the over­
all mean. In the 1963 experiment, with whole units in six 
replications, the difference between the means of the restorer 
lines group and the nonrestorer lines group was 0.10 or 1,8^ 
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"of the overall mean. In 1964 this difference was 0.05 or 1.0^ 
of the overall mean. 
In the 1963 experiment, with whole units in seven repli­
cations, the mean square for sources exceeded the 1% level. 
In 1963 and 1964, with whole units in six replications, this 
mean square was not significant. Based on the results of the 
individual analyses of the 1963 and 1964 experiments and the 
results of the analyses of the combined experiments, there 
would be a moderate to high risk of committing an error of the 
second kind in accepting the existence of a real difference 
between restorer source groups. 
Although the testers x sources interaction was not sig­
nificant, the analysis of the combined data indicated a signif­
icant interaction of testers with the orthogonal comparison, 
restorer lines versus nonrestorer lines. Comparisons of the 
mean resistance ratings of the restorer lines versus non-
restorer lines, within testers, are presented in Table 40. The 
data summarized in Table 40 support an interaction of testers 
and recovered versus non-recovered lines in 1963. There was 
little or no difference when these comparisons were made within 
CI.31A and WF9. When comparisons were made within Oh5lA, the 
differences increased. In the comparisons of the 1963 data, 
the difference between these means, within Oh43, was relatively 
large; in the comparisons of the 1964 data, the relative 
difference within Oh43 was small. On the basis of these 
results, it Is problematic whether a real interaction of testers 
107 
Table 40. Mean resistance ratings and differences between 
mean resistance ratings of recovered restorer 
lines (Rf) and nonrestorer lines (NR) obtained 
from 1963. 1964 and combined 1963-64 experiments 
as averaged over recurrent parents and cytoplasms 
and compared within tester parents 
Mean resistance rating 
Tester parent Rf lines NE lines Difference 
1963 (7 replications) 
CI.31A 4.22 4.20 0.02 
Oh43 4.93 5.21 -0.28 
Oh5lA 5.73 5.87 -0. l4 
WF9 7.04 7.07 -0.03 
1963 (6 replications) 
CI.31A 4.22 4.17 0.05 
Oh43 4.99 5.31 -0.32 
OhSlA 5.80 5.91 -0.11 
WF9 7.10 7.13 -0.03 
1964 (6 replications) 
CI.31A 3.37 3.42 -0.05 
Oh43 4.53 4.62 -0.09 
Oh5lA 5.59 5.67 -0.08 
WF9 6,31 6.47 0.04 
Combined 1963-64 
(6 replications) 
CI.31A 3.80 3.80 0 
Oh43 4.76 4.96 -0.20 
Oh5lA 5.69 5.79 -0.10 
WF9 6.81 6.80 0.01 
X recovered restorer versus nonrestorer lines occurred in the 
analyses of the combined data. However, the second order 
interaction, years x testers x restorer versus nonrestorer 
lines, was not significant in the analysis of the combined 
data. This result supports the contention that the interaction, 
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testers x restorer lines versus nonrestorer lines, was the same 
in both years. On this basis there would be little risk in 
accepting the hypothesis that a real interaction of testers 
with restorer versus nonrestorer lines was detected in the 
analysis of the combined data. 
The analysis of variance of the combined ratings indicated 
a significant interaction of recurrent parents (lines) x the 
orthogonal comparison, Txl27c versus Ky21, occurred. The mean 
ratings and the differences between the mean ratings of the 
two restorer genes sources compared within recurrent parents 
within individual and combined experiments (Table 4l) show 
obvious and consistent differences in the ranks of the recur­
rent parents within the two restorer genes sources. When con­
sidered within Txl27c, Bl4 and 38-11 consistently ranked 
second and third respectively. When considered within Ky21, 
Bl4 and 38-11 ranked third and second, respectively, in the 
1963 experiment in seven replications and in six replications. 
The preceding also was true in the combined 1963-6^ experiment 
in six replications. Differences between the mean ratings of 
Bl4 and 38-II, compared within Ky21, were small and would have 
to be ascribed to random deviations. It is obvious, also, that 
shifts in direction of increased resistance or susceptibility 
occurred among the recurrent parents. When considered within 
Hy and Bl4. there was increased resistance in the presence of 
Txl27c restorer genes. When considered within 38-II and Ml4 
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Table 4l. Mean resistance ratings and differences between 
mean resistance ratings of restorer genes sources, 
Txl27c and Ky21, obtained from 1963, 1964 and 
combined 1963-64 experiments as averaged over 
tester parents and cytoplasms and compared within 
recurrent parents 
Recurrent parent 
Mean resistance rating 
Txl27c Ky21 Difference 
1963 (7 replications) 
Hy 4.93 4.97 -0.04 
Blk 5.53 5.56 -0.04 
38-11 5.62 5.47 0.15 
Ml4 5.93 5.85 0.08 
1963 (6 replications) 
Hy 4.92 5.03 -0.11 
Bl4 5.57 5.62 -0.05 
38-11 5.67 5.57 0.10 
Ml4 5.97 5.90 0.08 
1964 (6 replications) 
Hy 4.68 4.87 -0.19 
Bl4 4.76 4.77 -0.01 
38-11 4.93 4.78 0.15 
Ml4 5.65 5.59 0.06 
Combined 1963-64 
(6 replications) 
Hy 4.80 4.95 -0.05 
Bl4 5.16 5.20 —0.04 
38-11 5.30 5.17 0.13 
Ml4 5.81 5.75 0.06 
there was increased susceptibility in the presence of Txl27c 
restorer genes. The preceding shifts In direction were con­
sistent over years. It is judged highly probable a real 
interaction of lines x Txl27c versus Ky21 occurred, but is not 
readily explained.. This Judgment is supported by the , 
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observation that the mean square for the interaction, years x 
lines X Txl27c versus Ky21, was not significant. This result 
also supports the contention that the interaction, lines x 
Txl27c versus Ky21, was consistent over years. 
The results of the analysis of variance indicated a sig­
nificant interaction of years x lines x sources. The parti­
tions of this Interaction sums of squares indicated the major 
portion of the interaction could be attributed to the inter­
action years x lines x restorer lines versus nonrestorer lines. 
A summary of the mean ratings of the restorer and nonrestorer 
lines, compared within recurrent parents within years, is 
presented in Table 42. The Interaction, years x lines x 
restored lines versus nonrestored lines, is best explained by 
two observations. First, when the restored and nonrestored 
lines were compared within Hy in 1963, the difference was 
+0.04; the same comparison in 1964 resulted in a difference of 
-O.19. Second, when compared within the remaining recurrent 
parents, the differences between recovered and nonrecovered 
lines were fairly constant over the two years. These results 
strongly support acceptance of the hypothesis that a real 
interaction occurred and indicate the level of probability was 
correct. 
In the analysis of variance of the combined 1963-64 
ratings, the F ratio for testing the cytoplasms mean square was 
significant at the 5/® level. Mean ratings of the entries in 
sterile and normal cytoplasm were 5-32 and ^.26 respectively. 
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Table 42. Mean resistance ratings and differences between 
mean resistance ratings of recovered restorer lines 
(Rf) and nonrestorer lines (NE) obtained from 1963, 
1964 and combined 1963-64 experiments as averaged 
over tester parents and cytoplasms and compared 
within recurrent parents 
Mean resistance rating 
Recurrent parent Rf lines NR lines Difference 
1963 (7 replications) 
Hy 4.95 4.90 0.05 
Bl4 5.54 5.77 -0.23 
38-11 5.54 5.60 -0.06 
Ml4 5.89 6.09 -0.20 
1963 (6 replications) 
Hy 4.97 4.93 0.04 
314 5.59 5.80 -0.21 
38-11 5.62 5.67 -0.05 
Ml4 5.93 6.12 -0.19 
1964 (6 replications) 
Hy 4.77 4.96 -0.19 
Bl4 4.76 4.87 -0.11 
38-11 4.85 4.87 -0.02 
Mi4 5.62 5.47 0.15 
Combined 1963-64 
(6 replications) 
Hy 4.87 4.94 -0.07 
Bl4 5.18 j.33 -G.I5 
38-11 5.23 5.27 -0.04 
Ml4 5.78 5.79 -0.01 
The difference between cytoplasm means was O.O6 or 1.1^ of the 
overall mean. 
The mean square for the interaction, cytoplasms x sources, 
was not significant. However, comparisons of cytoplasms within 
sources indicated a highly significant difference between 
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cytoplasms in the presence of Ky21 restorer genes. Comparisons 
of cytoplasms and of cytoplasms within sources for the individ­
ual years and years combined are presented in Table 43. 
Table 43. Mean resistance ratings and differences between mean 
resistance ratings of normal (N) and sterile (T) 
cytoplasm types obtained from 1963, 1964 and com­
bined 1963-64 experiments, as averaged over tester 
parents and recurrent parents and compared within 
restorer genes source groups 
Restorer source Mean resistance rating 
group N cytoplasm T cytoplasm Difference^ 
1963 (7 replications) 
Ky21 5.41 5.52 -0 .11* 
Txl27c 5.47 5.53 -0 . 06 
NR lines 5.57 5.61 -0 .04 
Mean 5.48 5.56 -0 .08** 
1963 (6 replications) 
Ky21 5.46 5.60 -0 .14** 
Txl27c 5.50 5.56 -0 .06 
NR lines 5.61 5.65 -0 .04 
Mean 5.52 5.60 -0 .08** 
1964 (6 replications) 
Ky21 4.95 5.05 -0 .10 
Txl27c 5.03 4.98 +0 .05 
NR lines 5.03 5.06 -0 .03 
Mean 5.00 5.03 -0, .03 
Combined 1963-64 
(6 replicati ons) 
Ky21 5.21 5.32 -0, .11** 
Txl27c 5.27 5.27 0, 00 
NR lines 5.22 5.36 -0. 04 
Mean 5.26 5.32 -0. 06* 
^Probability levels are approximate. 
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In the analyses of the 19^3 data in seven replications, 
the difference between cytoplasm means within Ky21 was signifi­
cant at the level, whereas in six replications the differ­
ence was significant at the 1^ level. In the analyses of the 
1964 data, no significant difference was detected between cyto­
plasm means within Ky21. The analyses of the data presented in 
Table ^3 support a real interaction of cytoplasms x restorer 
genes sources. However, these data do not support the level 
of significance of the difference between cytoplasms within 
Ky21 obtained in the analyses of the combined data. 
These same data support a real difference because of the 
main effects of cytoplasm type. In the analyses of the com­
bined data, the 5^' level of significance, indicated for the 
difference between cytoplasm means, closely approached the true 
level of significance. 
The analysis of variance indicated a significant mean 
square for the second order interaction, years x testers x 
cytoplasms. Mean ratings and differences between mean ratings 
of cytoplasms within testers within years are summarized in 
Table 44. There were shifts in the direction of the difference 
between cytoplasms when compared within testers during the two 
years. The shift in direction was most pronounced in Oh^lA, 
but occurred also in CI.3IA and WF9. In addition, there were 
noticeable changes in the size of the difference between cyto­
plasms, when compared within testers, during the two years. 
It was judged a real interaction of years x testers x 
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Table 44, Mean resistance ratings and differences between mean 
resistance ratings of normal (N) and sterile (T) 
cytoplasm types obtained from 1963 and 1964 experi­
ments as averaged over recurrent parents and 
restorer source groups and compared within tester 
parents within years with whole units in six repli­
cations 
Tester Mean resistance rating 
Year parent N cytoplasm T cytoplasm Difference^ 
1963 CI.31A 4.22 4.19 +0.03 
Oh43 5.04 5.15 -0.11 
OhSlA 5.77 5.90 -0.13* 
WF9 7.06 7.17 -0.11 
1964 CI.31A 3.35 3.42 -0.07 
Oh43 4.47 4.65 -0.18** 
Oh5lA 5.66 J.58 +0.08 
WF9 6.54 6.46 +0.08 
^Probability levels are approximate. 
cytoplasms occurred, and that the 5^ level, indicated in the 
analysis of variance, closely approached the correct level. 
In the analysis of variance, a significant interaction of 
years x testers x cytoplasms within the nonrestored lines was 
indicated. Mean ratings of cytoplasms within nonrestored lines 
within testers within years are summarized in Table 45. The 
data show a marked shift in direction and size of the differ­
ences between cytoplasms when compared within CI.31A within 
years. Also, there were shifts in direction of the differences 
between cytoplasms when compared within Oh^lA and WF9. There 
was a noticeable failure of the differences between cytoplasms 
to vary in direction or size when compared within Oh43 within 
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Table 45. Mean resistance ratings and differences between mean 
resistance ratings for normal (N) and sterile (T) 
cytoplasm types obtained from I963 and 1964 experi­
ments as averaged over nonrestorer lines and com­
pared within tester parents within years with whole 
units 
Tester Mean resistance rating 
Year parent N cytoplasm T cytoplasm Difference^ 
1963 CI.31A 4.22 4.12 +0.10 
Oh43 5.28 5.34 -0.06 
Oh5lA 5.86 5.96 -0.10 
WF9 7.07 7.19 -0.12 
1964 CI.31A 3.28 3.57 -0.29** 
Oh43 4.59 4.65 -0.06 
Oh51A 5.71 5.62 +0.09 
WF9 6.54 6.39 +0.15 
^Probability levels are approximate. 
years. These data support a significant interaction of years 
X testers x cytoplasms within the nonrestorer lines and support 
the judgment that the indicated level of probability is a con­
servative estimate of the true level. 
In the analysis of variance of the combined data, a sig­
nificant Interaction of years x recurrent parents (lines) x 
cytoplasms was indicated. Mean ratings and differences between 
mean ratings of cytoplasms, compared within lines within years, 
are summarized in Table 46. These data show that differences 
between cytoplasms were not consistent over years, when com­
pared within Hy, 38-II and Ml4 respectively. In addition, 
comparisons of cytoplasms within Bl4 indicated little difference 
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Table 46. Mean resistance ratings and differences between mean 
resistance ratings for normal (N) and sterile (T) 
cytoplasm types obtained from 1963 and 1964 experi­
ments as averaged over tester parents and restorer 
source groups and compared within recurrent parents 
within years with whole units 
Recurrent Mean resistance rating 
Year parent N cytoplasm T cytoplasm Difference^ 
1963 Hy 4.94 4.98 —0.04 
B14 5.69 5.64 +0.05 
38-11 5.56 5.71 -0.15* 
Ml4 5.92 6.08 -0.16** 
1964 Hy 4.77 4.90 -0.13* 
B14 4.78 4.82 -0.04 
38-11 4.89 4.83 +0.06 
M14 5.58 5.56 +0.02 
^Probability levels are approximate. 
between years. These data support a significant interaction of 
years x lines x cytoplasms and support the judgment that the 
indicated level of probability is a conservative estimate of 
the true level. 
Association of Leaf Feeding Ratings and Lesions 
Guthrie et aj. (1960) used sample correlation coefficients 
to test associations between four criteria for determining 
first generation corn borer damage and host resistance. These 
criteria were: (l) surviving larvae, (2) leaf feeding ratings, 
(3) lesion counts and (4) burrows. Partially on the basis of 
the sample correlation coefficients, they concluded that, on 
the whole, these criteria were highly correlated and were 
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equally effective for determining borer damage or for evalu­
ating resistance of inbred lines. 
They used inbred line means, averaged over six replica­
tions, to determine the sample correlation and regression 
coefficients. In their experimental design, a split-plot 
arrangement was used. Inbred lines were assigned as whole unit 
treatments, and dissection intervals as sub-unit treatments. 
Correlation and regression coefficients reported by these 
authors were determined for single dissection intervals. If 
their procedures were not misinterpreted, there were n-2 = 6 
degrees of freedom associated with each correlation or regres­
sion coefficient reported, where n = 8, or the number of 
inbreds tested. 
They reported a correlation coefficient of 0.72 for test­
ing the association of leaf feeding ratings per plant, 20 days 
after egg hatch; with lesion counts per plant, 30 days after 
egg hatch. With six degrees of freedom, a correlation coeffi­
cient of 0.72 slightly exceeds the level. The level of 
probability indicates this correlation coefficient did not have 
a high degree of predictive value. However, based on the over­
all results of their experiments, these authors concluded, "A 
combination of leaf feeding ratings and lesion counts is a 
good index to the performance of most inbred lines." 
In most of the experiments reported herein, differences 
in leaf feeding ratings were detected because of the main 
effects or interactions of restorer genes sources and cytoplasm 
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types. Corresponding differences generally were not detected 
In the analyses of the lesion counts. 
Among methods for reducing or controlling experimental 
variation and increasing experimental precision, discussed by 
Federer (1963) and Cochran and Cox (1957). are: 
(a) Selection of homogenous experimental material 
and/or a uniform environment. 
(b) Grouping or stratification of the experimental 
material and/or the environment into homogenous 
subgroups or strata. 
(c) Refinement of experimental techniques. 
(d) Measurement of related variables and use of 
covariance analysis, where applicable. 
As far as possible, methods (a) and (b) were adhered to in 
these experiments. Based on prior experimental evidence and 
experience, it was believed the experimental techniques employed 
were adequate and could provide data which permitted unbiased 
tests of the hypotheses. It was not known if the methods of 
covariance analysis were applicable to the variates measured. 
Portions of the analysis of covariance were used to test 
the association of lesion counts with leaf feeding ratings. 
The third experiment performed in 1962 was used to test the 
applicability of the analysis of covariance. This experiment 
was selected for two major reasons. First, in the analysis of 
variance of the ratings and of the lesion counts, significant 
differences were detected because of the main effects of 
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cytoplasm types when tested within recovered restorer lines. 
Second, error variances for both variates decreased progres­
sively from errors (a) through (c). Of less importance, was 
the consideration that this experiment included only the 
restorer genes source Txl27c and thus eliminated possible con­
founding effects of different restorer genes sources. 
Sample correlation coefficients were determined for each 
of the sources of variation in the analysis of variance. These 
correlation coefficients are presented in Table 4?. In deter­
mining the degrees of freedom associated with each correlation 
coefficient, one degree of freedom was subtracted from the 
degrees of freedom for each source of variation in the analysis 
of variance. Therefore, those sources of variation which had 
one degree of freedom in the analysis of variance permitted no 
tests of significance of the correlation coefficients. 
Among the assumptions underlying the analysis of covari­
ance are the assumptions that: (a) the linear regression 
equation best fits the relationship between the dependent and 
independent variables; (b) the observations are independent of 
the effects of the treatments; and (c) the variance of the 
dependent variable that corresponds to a given value of the 
independent variable is the same, i.e., constant. 
The best tests of the estimates of the regression and 
correlation coefficients are the tests of the coefficients 
determined for the error variances. These coefficients provide 
estimates independent of the effects of replications and 
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Table U?. Sample correlation coefficients to test associations 
of resistance ratings and lesion counts obtained in 
1962 for original and recovered sublines of Oh4l and 
Hy using Txl27c as restorer genes source and tested 
in normal and Texas-type pollen-sterile cytoplasm 
Degrees 
Source of variation of Correlation^ 
freedom coefficient 
Replications 
Recurrent parents 
Error (a) 
Sublines within Oh4l 
Original vs. Rf sublines 
Among Rf sublines 
Sublines within Hy 
Original vs. Rf sublines 
Among Rf sublines 
Error (b) 
Replications x sublines/0h4l 
Replications x sublines/Hy 
Cytoplasms/sublines/recurrent parents 
Cytoplasms/original llnes/rec. parents 
Cytoplasms/Rf subllnes/rec. parents 
Cytoplasms 
Cytoplasms x recurrent parents 
Cytoplasms x Rf sublines/0h4l 
Cytoplasms x Rf subllnes/Hy 
Error (c) 
Rep. X cyto./original llnes/rec. par. 
Rep. X cyto./Rf subllnes/rec. par. 
Total 
5 0.875** 
0 -
5 0.471 
4 0.682 
0 -
3 0.785 
U 0.790 
0 -
3 0.846 
59 0.661** 
29 0.658** 
29 0.663** 
11 0.528 
1 -0 .254 
9 0.610* 
0 -
0 -
3 0.507 
3 0.354 
71 0.653** 
11 0.754** 
59 0.640** 
166 0.791** 
a 
^Exceeds 5^ level; **exceed8 level. 
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treatments. The correlation coefficients determined for errors 
(a), (b) and (c) were 0.471, O.661 and 0.653 respectively. The 
correlation coefficient for error (a) was not significant. The 
correlation coefficients for errors (b) and (c) exceeded the 
1^ level of probability. 
To test linearity of the regressions of resistance ratings 
on lesion counts, the sums of squares for the error variances 
of the dependent variable (lesion counts) were partitioned into 
the components, linear regression and deviations from linear 
regression. Significance of linear regression mean squares was 
tested by F ratios which were determined using the analysis of 
variance; these analyses are summarized in Table 48. The whole 
units mean square for linear regression was not significant. 
The sub-units and sub-sub-units mean squares for linear regres­
sion were significant beyond the 1^ level. 
In a split-split-plot design, there is the possibility of 
one, two or three regression coefficients. The appropriate 
linear model for a split-split-plot design depends upon the 
assumptions made by the experimenter. It can be assumed there 
is one regression common to whole units, sub-units and sub-sub-
units. It can be assumed the regression for whole units is 
different from the regression of sub-units, etc. The results 
of the analyses, summarized in Table 48, supported the conclu­
sion that the linear model was not wholly appropriate to these 
data and that there was not a common regression. Major support 
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Table 48. Analyses of variance tables for tests of signifi­
cance of linear regression of ratings on lesion 
counts obtained in 1962 for recovered and original 
lines of Oh4l and Hy using Txl27c as source of 
restorer genes and tested in normal and Texas-type 
pollen-sterile cytoplasm 
Degrees 
Source of variation of Sums of Mean 
freedom squares squares 
Whole units 
Linear regression 1 3.15 3>15 
Deviations from regression 5 11.06 2.21 
Total (Error (a)) 6 14.22 
Sub-units 
Linear regression 1 lé.87 16.87** 
Deviations from regression 59 21.74 0.37 
Total (Error (b)) 60 38.61 
Sub -sub-units 
Linear regression 1 13.33 13.33** 
Deviations from.regression 71 17.88 0.25 
Total (Error (c)) 72 31.21 
^**Exceeds \% level. 
was obtained from the analyses of the whole units which indi­
cated nonlinear regression of leaf feeding ratings on lesion 
counts. 
The correlation coefficient for replications was highly 
significant and quite high numerically. Although only one of 
the correlation coefficients for the treatments and inter­
actions sources of variation was significant, some were of 
moderate to high numerical value. On the basis of these 
122 
results, it was Judged the observations were not independent of 
the effects of replications and treatments. This judgment 
gains further support from the work of Guthrie et 8^. (i960), 
in which they demonstrated that the association of leaf feeding 
ratings and lesion counts was a function of plant genotype. 
On these bases the analysis of covariance was regarded not 
appropriate to the variates. No further attempts were made to 
determine associations of leaf feeding ratings and lesion 
counts. 
Examinations of the analyses of variance of the lesion 
counts data showed the error variances were relatively high, as 
compared to those of the leaf feeding ratings. If differences 
exist in number of lesions because of the main effects and 
interactions of restorer sources and cytoplasm types and are 
to be detected, it is highly probable that refinements of 
experimental techniques are necessary. It is presumed such 
refinements as increased sample size and selection of optimum 
time of determining lesions would reduce experimental variation 
and increase experimental precision. 
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DISCUSSION 
In the Corn Belt of the United States the European corn 
borer is a recognized environmental hazard to corn production. 
Recognition of this hazard is reflected in corn breeding pro­
grams, most of which routinely include resistance to the first 
generation of the borer as one of the program objectives. 
Cytoplasmic pollen sterility and pollen restorer genes are used 
extensively as tools in the production of hybrid corn seed. 
Because borer resistance or susceptibility is reflected ulti­
mately in grain yield and harvestability, it is desirable to 
know whether or not cytoplasmic pollen sterility and restorer 
genes can affect the borer resistance of corn genotypes. 
Producers of hybrid corn seed will continue to use cyto­
plasmic pollen sterility and pollen fertility restorer genes 
because these tools reduce the cost of seed production. It is 
the responsibility of the corn breeder and allied scientists 
to determine if use of these tools results in detrimental 
effects. If detrimental effects result, it is necessary that 
remedial steps be sought. 
The Texas type of pollen sterility has been found most 
satisfactory because it is more stable under most environments 
than the other types investigated. Several sources of restorer 
genes are available. Most of these sources are of southern 
origin and not enough is known about differences among the 
restorer genes from the various sources. 
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Knowledge of the main effects of pollen-sterile cytoplasm 
and of pollen fertility restorer genes is important. However, 
the breeder and seed producer are more interested in whether or 
not these effects are constant over genotypes and environments. 
For this reason, the interactions of cytoplasms and restorer 
genes sources with tester parents, recurrent parents and 
environments are Important. 
Generally, studies of the effects of cytoplasmic pollen 
sterility and restorer genes sources on agronomic characters 
have shown that differences attributable to these factors were 
small. Because of this, the effects of choice of field plot 
experimental design and adequate replication of the treatments 
on experimental precision become important. 
The experiments reported herein were not designed to 
determine types of gene action or inheritance of resistance. 
The results of studies of these aspects of corn borer resist­
ance have been reported elsewhere (Scott e^ al. 1964, Scott 
and Dicke 1965» Scott and Guthrie I967). Similarly, the 
relative resistance to larvae of the first generation of the 
inbreds used as tester and recurrent parents has been investi­
gated extensively and reported by a series of investigators. 
There were four analyses which permitted comparisons of 
the main effects of restorer sources. In the 1962 experiment, 
in which sources were tested as whole unit treatments, no 
significant difference in mean resistance ratings of the 
sources was detected. Analyses of the 19^3 experiment in seven 
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replications detected a highly significant difference "between 
the mean resistance ratings of the recovered restorer lines, 
using Ky21, and the nonrestorer lines. Analyses of the 19^3 
experiment, in six replications, and of the 1964 experiment 
detected no significant differences because of the main effects 
of sources. However, analyses of the combined 1963-6^ experi­
ments detected a difference significant beyond the 5^ level 
between the mean ratings of the recovered restorer lines and 
the nonrestorer lines. The failure to detect a significant 
interaction of years x sources in the analyses of the combined 
leaf feeding ratings supports the contention that the sources 
had the same main effect during the two years. 
The evidence obtained generally did not support differ­
ences between restorer genes sources, Ky2l and Txl27c, but did 
support differences between the original lines and the recovered 
restorer lines. The data and the results of the analyses of 
these data support increased resistance to leaf feeding in the 
presence of the two restorer sources. These data indicate an 
advantage in favor of the recovered restorer lines. 
The ability to detect significant differences in mean 
ratings because of the presence or absence of restorer genes 
from the two sources was, to a considerable extent, a function 
of experimental precision. The largest significant difference 
detected between the means of the recovered restorer lines and 
the nonrestorer lines was 2.0# of the overall mean. Numerically 
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this difference was 0.11; it is doubtful if a difference of 
this size would be of practical importance. 
Little evidence was obtained which supported selection of 
one restorer gene source in preference to the other. No 
differences were detected in any of these experiments in mean 
number of lesions because of the main effects of sources. 
With the exception of the progeny of crosses involving the 
nonrestorer lines, the progeny of all crosses used would have 
been, at least, heterozygous dominant for the major comple­
mentary genes responsible for restoration of pollen fertility 
(Duvick 1956, 1965; Noble 196I; Noble and Russell I963)• If 
the effects of the restorer sources were constant over tester 
parents, recurrent parents and environments, support would 
have been obtained for the existence of pleiotropic effects of 
the major restorer genes. 
Considerable evidence was obtained which indicated the 
effects of the restorer sources were not constant over recur­
rent parents. In the analyses of the first 1962 experiment, 
no significant differences were detected in the mean ratings 
or lesion counts of the Hy sublines when the comparison 
recovered versus original lines was made. The preceding was 
true in the presence of Txl27c and Ky21 restorer genes. In the 
analyses of the second 1962 experiment, the comparison, orig­
inal versus recovered sublines of Ml4, using Ky21 as restorer 
genes source, detected a significant difference in mean rat­
ings, The same comparison detected no significant differences 
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among the sublines of the recurrent parents B6, Hy and B3?. 
In the third 1962 experiment no significant differences in mean 
ratings or mean number of lesions were detected in the compari­
sons, original versus recovered sublines of 0h4l and Hy, using 
Txl27c as restorer genes source. 
Comparisons of sources within the recurrent parents, Hy 
and 38-11, detected no significant differences in mean ratings 
or lesions among the sources in the analyses of the 1963 
experiment in seven replications. When compared within the 
recurrent parent, Bl4, there was a significant difference 
between mean ratings of the recovered lines and the original 
lines, irrespective of restorer genes source. When compared 
within the recurrent parent, Ml4, recovered restorer lines 
using rxl27c were not different from the nonrestorer lines; but 
recovered restorer lines using Ky21 were different from the 
nonrestorer lines. In the analyses of the 1964 experiment, the 
mean ratings of the sources groups were not different when 
compared within recurrent parents Ml4, Bl4 and 38-11. When 
compared within Hy, the mean of Txl27c was significantly 
different from the mean of Ky21 and the nonrestorer lines; but 
the means of the latter two groups were not significantly 
different. 
In the analyses of the ratings of the combined 1963-64 
data, a significant interaction of lines (recurrent parents) 
X the orthogonal comparison, Txl27c versus Ky21, was detected. 
Examinations of the data (Table 4l) show that when comparisons 
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of restorer sources were made within the recurrent parents Hy 
and Bl4, increased resistance in the presence of Txl27c was 
indicated. The same comparisons within recurrent parents 38-11 
and Ml4 indicated increased resistance in the presence of Ky21 
restorer genes. These effects were constant over years. 
As indicated by the highly significant second order inter­
action, years x lines x restored versus nonrestored lines 
(Table 36), differences between restored and nonrestored lines 
within recurrent parents were not constant over years. The 
data (Table 42) show that in 19^3 comparisons of restored 
versus nonrestorer lines indicated decreased resistance of the 
Hy recovered restorer lines and increased resistance of recov­
ered restorer lines of the other recurrent parents. The same 
comparisons among the 1964 data indicated decreased resistance 
of the Ml4 recovered restorer lines and increased resistance of 
recovered restorer lines of the other recurrent parents. 
In 1961 and 1962 only the tester parent WF9 was used. The 
1963 and 1964 experiments were expanded to four testers. This 
expansion increased the possibilities of detecting variations 
of cytoplasmic-restorer genes effects that may occur among 
genotypes. 
In none of the analyses of ratings from the 1963 and 1964 
experiments was a significant interaction of testers x sources 
detected. In the analysis of the combined 1963-64 ratings, 
the interaction, testers x restored versus nonrestorer lines, 
was significant beyond the level (Table 36). It is 
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problematic whether or not this interaction was real, in fact. 
If this Interaction were real, the data indicate it was caused 
by an increased difference between nonrestorer and recovered 
restorer lines in crosses with the tester parent Oh43. The 
latter result would not be inconsistent with past performance 
of Oh43. Single-cross progeny of this line have exhibited 
greater variability than predicted in tests for borer resist­
ance . 
Comparisons of sources within tester parents provided no 
evidence supporting selection of Ky21 in preference to Txl27c. 
Similar to results of comparisons of sources within recurrent 
parents, comparisons of sources within tester parents.indi­
cated increased resistance of the recovered restorer lines. 
The presence of pollen fertility restorer genes caused no major 
shifts in resistance of the tester parents as predicted from 
the performance of the testers as inbreds, per se. 
In the analysis of the lesion counts from the 19^3 experi­
ment in seven replications, a significant interaction of 
testers x sources was detected. Comparisons of lesion counts 
within tester parents, Oh^lA, OhkJ and CI.31A, showed no 
differences between sources. When compared within tester 
parent WF9. Txl27c recovered restorer lines were different from 
Ky21 recovered restorer lines and the nonrestorer lines 
(Table 29). The latter results do not agree with results 
obtained in the I962 experiment in which progeny of single 
crosses of WF9 x recovered restorer sublines and nonrestorer 
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lines of the recurrent parent Hy were compared. In this 
experiment no differences were detected between restorer genes 
sources Txl27c and Ky21; and the comparisons original versus 
recovered sublines, within both sources, detected no differ­
ences. However, considerable variability was detected among 
the Hy recovered restorer sublines in the presence of Txl27c 
restorer genes (Table 12). The level of probability of the F 
value for testing the 19^3 mean square for the interaction, 
testers x sources, and the numerical differences between mean 
lesion counts compared within WP9 do not support the contention 
that this interaction was real. 
The sums of squares and degrees of freedom for testers, 
lines and testers x lines were combined to test the mean square 
for genotypes (single crosses) in the analyses of the 1963, 
1964 and combined 1963-64 data. In all analyses this mean 
square was significant beyond the 1^ level. Similarly, the 
sums of squares and degrees of freedom for the interactions, 
testers x sources, lines x sources and testers x lines x 
sources were combined to test the mean square for the inter­
action, genotypes x sources. In none of these tests was a 
significant interaction of genotypes x sources detected. To 
verify the preceding, sums of squares and degrees of freedom 
for the interactions of testers, lines and testers x lines with 
the orthogonal comparisons, Txl27c versus Ky21 and restored 
versus nonrestorer lines, were combined from the analysis of 
the combined 1963-64 data. Combining these sums of squares 
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and degrees of freedom yielded mean squares- which permitted 
tests of the Interactions, genotypes x Txl27c versus Ky21 and 
genotypes x restored versus nonrestored lines. In neither 
case were the mean squares significant. 
The preceding results support the contention that dilution 
of effects of interactions of individual tester or recurrent 
parents with restorer sources would occur when these parents 
were combined in single-cross combinations (genotypes). 
The 1961 and 1962 experiments permitted comparisons among 
recovered restorer sublines within particular recurrent parents. 
In the 1961 experiment and two of the 1962 experiments, signif­
icant differences were detected in ratings among Hy recovered 
sublines In the presence of rxl27c and/or Ky21. In the first 
1962 experiment, significant differences were detected in 
lesion counts among Hy recovered sublines in the presence of 
Txl27c restorer genes. In the second I962 experiment signifi­
cant differences were detected in lesion counts among B37 
recovered sublines in the presence of Ky21 restorer genes. 
Although none of the differences was large, the ability to 
detect these differences indicates that the backcrossing pro­
gram failed to recover the resistance of the genotype of the 
recurrent parent in all Instances. These differences support 
the existence of additive gene action for resistance among the 
recovered restorer sublines of Hy, particularly in the presence 
of Txl27c genes. 
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The rating and lesion count data and the results of 
analyses support the presence of genetic differences between 
sublines of the recurrent parents. Genetic differences were 
apparent between sublines of a recovered inbred, and variation 
for these differences occurred among inbreds. 
Marquez-Sanchez (1964) suggested that a genetic differ­
ence between two sublines of a recurrent parent inbred may be 
due to three factors: (l) the major gene(s) for restoration 
of pollen fertility has pleiotropic effects; (2) genes from 
Ky21 and TxlZfc, still linked with the restorer locus after 
transfer to the inbred lines, are not the same alleles; (3) the 
length of the chromosome segment and the number of genes, still 
linked with the restorer locus, probably varies between sub­
lines and among lines. 
The results of the analyses data reported herein do not 
indicate that pleiotropic effects of the major gene(s) for 
pollen fertility restoration occurred. These data offer no 
positive means of determining whether or not genes linked with 
the restorer locus are the same alleles. However, increased 
resistance of the recovered restorer sublines and the general 
lack of differences between recovered lines using the two 
restorer genes sources suggest that genes for resistance from 
the two sources were present and that they could have been 
allelic. The variations among Hy recovered sublines, detected 
in 1961 and I962, suggest that variation in length of 
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chromosome segment from the nonrecurrent parent, still linked 
with the restorer locus, may have been a factor. 
Cytoplasm types consistently were assigned as sub-sub-
unit treatments. Consequently, smaller differences than so 
declared among the whole unit and sub-unit treatments were 
declared significant. 
With the exception of the I961 and 1964 experiments, sig­
nificant differences between ratings were detected because of 
the main effects of cytoplasms. Significant differences in 
lesion counts, because of the effects of cytoplasms, were 
detected only in the third 1962 experiment when cytoplasms were 
compared within the recovered restorer sublines. 
Although differences in ratings were small numerically, 
analyses of the data consistently supported increased suscep­
tibility to leaf feeding in the presence of pollen-sterile 
cytoplasm. 
Only the analyses of the 19631 1964 and combined 1963-64 
ratings permitted tests of the interaction, testers x cyto­
plasms. In 1963 this interaction was not significant. In 
1964 a significant interaction of testers x cytoplasms was 
detected in the analysis of the ratings. It was judged this 
Interaction primarily reflected a greater difference between 
cytoplasms in Oh^lA when cytoplasms were compared among testers 
in the presence of Txl27c restorer genes. However, as indi­
cated by the significant interaction, years x testers x 
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cytoplasms, the performance of cytoplasms within tester parents 
was not constant over years. 
With the exception of the first 1962 experiment, all 
experiments permitted direct or indirect tests of the inter­
action, recurrent parents x cytoplasms. There was a total of 
six analyses of variance of the leaf feeding ratings which 
permitted tests of this interaction. In three of the six 
analyses a significant interaction of recurrent parents x cyto­
plasms was detected. In addition, the analysis of the combined 
1963-64 ratings detected a significant interaction of years x 
recurrent parents x cytoplasms. 
The preceding results stràngly support the contention that 
the effects of cytoplasms were not constant over recurrent 
parents or environments. Generally, the interactions of cyto­
plasms X recurrent parents reflected variations in the magni­
tude of differences, rather than shifts in direction of 
increased resistance or susceptibility. 
In the analyses of the 1963, 1964 and combined 1963-64 
ratings, appropriate sums of squares and degrees of freedom 
were combined to test the interactions, genotypes x cytoplasms 
and years x genotypes x cytoplasms.' In no test were these 
Interaction mean squares significant. Thus, effects of inter­
actions of individual tester or recurrent parents with cyto­
plasms were diluted when these parents were combined in single 
crosses. The dilution effect did not vary over environments. 
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The seed producer probably would be most interested in the 
cytoplasms (sterile versus normal) x genotype interaction 
because it shows that differences between cytoplasms did not 
vary among the single crosses studied in 1963 and 1964. How­
ever, the corn breeder probably is more interested in the sub­
divisions used in the analyses of variance because they give 
information on types of gene action. In all experiments 
testers were female and lines (recurrent parents) male parents. 
Essentially, the I963 and 1964 experiments were the Design II 
experiment of Comstock and Robinson (1952). Testers and lines 
were fixed; therefore the interactions, cytoplasms x testers 
and cytoplasms x lines contain additive gene action and domi­
nance effects. The second order Interaction, cytoplasms x 
testers x lines contains only nonadditive gene action. 
The studies conducted prior to 1963 permitted tests only 
of the Interaction, lines x cytoplasms. The significant 
interactions of lines x cytoplasms, detected in I961 and 1962, 
may be attributed to additive gene action and dominance effects 
of the recurrent parents in which the comparisons were made. 
The absence of significant interactions of lines x cytoplasms 
in 1963 and 1964, and the significant interaction of years x 
lines X cytoplasms, detected in the analysis of the combined 
ratings, Indicates environment or nonadditive gene action 
affected the expression of borer resistance of the recurrent 
parents in these years. 
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One of the main purposes of these studies was to determine 
if there were differences which contributed to a restorer 
source x cytoplasm interaction. In determining whether or not 
a significant cytoplasms x sources interaction occurred, alter­
native approaches may be used. In the first approach, a mean 
square for cytoplasms x sources can be determined directly. 
In the second approach, appropriate sums of squares and degrees 
of freedom can be combined to permit tests and comparisons of 
cytoplasms within sources; i.e., cytoplasms within, Txl27c 
recovered sublines, cytoplasms within nonrecovered lines, etc. 
The second approach was judged more meaningful and, with the 
exception of the analysis of the 196I data, was used through­
out the course of these experiments. This approach has the 
disadvantage that a direct test of the interaction, original 
versus recovered lines x cytoplasms, is not available. 
In the analysis of the ratings from the first 1962 experi­
ment, the interaction of cytoplasms x sources was determined 
within the recovered restorer sublines. Although there was 
increased susceptibility of the sterile sublines in the 
presence of both restorer genes sources, the difference between 
sterile and fertile cytoplasms was greater in the presence of 
Txl2?c genes than in the presence of Ky21 genes or no restorer 
genes. It was judged the magnitude of the difference, in the 
presence of Txl27c genes, was the principal cause of this 
interaction. In the remaining 1962 experiments, only one 
restorer source per experiment was used. The data obtained 
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indicated that differences between mean ratings of the non-
restorer lines and the recovered restorer sublines were a 
function of genotype of the recurrent parent, rather than 
source of restorer genes. 
In 1963 the mean square for the interaction, sources x 
cytoplasms, was not significant. However, comparisons of cyto­
plasms within sources indicated otherwise. When compared in 
the presence of Txl27c restorer genes and no source of restorer 
genes, no significant difference between cytoplasms was 
detected. When compared in the presence of Ky21 restorer 
genes, a significant difference between cytoplasms was detected. 
Again, this difference was a function of magnitude rather than 
direction. In 1964 none of the comparisons of cytoplasms 
within sources was significant. In the analyses of the com­
bined 1963-64 ratings, a significant difference between cyto­
plasms was detected in the presence of Ky21 restorer genes. 
Differences in the presence of Txl27c restorer genes and no 
restorer genes were not significant. The interaction, years x 
cytoplasms within Ky21, was not significant, supporting the 
conclusion that the performance of cytoplasms in the presence 
of Ky21 restorer genes was constant over the two years. 
The results of the analyses of these data indicate an 
advantage in favor of restorer genes source Txl27c. The 1963 
ari 1964 results support this advantage, irrespective of geno­
type of recurrent parent or tester parent. However, the 
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results of the first 1962 experiment cast doubts on this advan­
tage because more and numerically greater differences between 
cytoplasms were detected among Hy recovered sublines using 
Txl27c as restorer genes source than among Hy recovered sub­
lines using Ky21 as restorer genes source. 
Less variation in the main effects of cytoplasms was 
evident than was evident in the main effects of restorer genes 
sources. In those genotypes in which an increased resistance 
advantage was gained because of the effects of genes presumably 
linked with the restorer locus, the advantage could be expected 
to be diluted or nullified by increased susceptibility con­
ferred by the male-sterile cytoplasm. 
No effects peculiar to genotypes in which WF9 was used as 
tester parent were apparent. Inbred WP9 has the double reces­
sive alleles at the loci of the two dominant genes whose com­
plementary action is responsible for restoration of pollen 
fertility in the presence of Texas-type male-sterile cytoplasm. 
Genetic analyses have shown the other tester-parents are 
heterozygous at one locus and homozygous-dominant at the second 
locus when crossed with Rf lines. Because no effects peculiar 
to WF9 were observed, it mï be concluded heterozygosity at 
the restorer loci had no effect on the differences between 
sterile and fertile cytoplasms. 
Data obtained for the individual entries, and not pre­
sented elsewhere, are presented in Tables Ai through A8. In 
1961 and 1962 the entries included only susceptible x 
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susceptible and susceptible x intermediate crosses. In 1963 
and 196^ the entries included the preceding types of crosses 
plus: resistant x susceptible, resistant x intermediate, and 
intermediate x intermediate crosses. The results of the 
analyses of the 1962 experiments showed effects of restorer 
sources peculiar to susceptible x intermediate crosses, i.e., 
WF9 X HyRf. However, these differences were not reflected in 
tests of the interaction, genotypes x sources, among the 1963 
and 1964 data. In these years no effects peculiar to type of 
cross were evident. This was verified by the inability to 
detect a significant interaction of genotypes x cytoplasms. 
There is no doubt that environments encountered during the 
years had major effects on the results of these experiments. 
Because of the effects of environment on insect establishment 
and survival, Painter (1951) has discussed the inherent danger 
of combining insect infestation data over years. Such danger 
should be recognized when a system with fixed limits, such as 
leaf feeding ratings, is used. Environment with its com­
plexities may have a direct effect on insects or may indirectly 
affect them via effects on the host plant. For these reasons, 
apparent differences between years in leaf feeding ratings or 
lesion counts among cytoplasms and restorer sources wholly 
cannot be ascribed to effects of environment on the restorer 
and cytoplasm mechanisms, per se. 
Except for differences because of the main effects of 
tester-parents, recurrent parents and genotypes (single crosses) 
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detected differences were small. Within the limits of the 
genotypes, restorer sources and environments sampled, it can 
be concluded the use of Texas-type cytoplasmic pollen sterility 
and genes for restoration of pollen fertility would have no 
major detrimental effects on host plant resistance to larvae of 
the first generation of the corn borer. Particularly, this 
would be true when a hybrid incorporating Texas-type cyto­
plasmic pollen sterility and pollen fertility restorer genes 
from Txl27c or Ky21 was grown. In instances where a hybrid 
was grown which was a blend of pollen-sterile and pollen-fer­
tile seed, increased susceptibility to leaf feeding could be 
expected among the male-sterile plants. The producer of inbred 
lines or single crosses to be used as female parents of hybrids 
could expect increased susceptibility when Texas-type pollen-
sterile cytoplasm was incorporated. Conversely, increased 
resistance could be expected of inbreds or single crosses to 
be used as male parents of hybrids in which restorer genes from 
Txl27c or Ky21 were incorporated. Variation among recovered 
restorer sublines within recurrent parents indicates selection 
for borer resistance during the backcross program to recover, 
and perhaps improve, the recurrent parent type, would be bene­
ficial. Degree of increased susceptibility or resistance 
would vary according to environments favoring or not favoring 
borer establishment and survival. 
It is obvious male-sterile cytoplasm must alter or cause 
a break in the sequence of biochemical reactions leading to 
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pollen production. Much evidence has been accumulated which 
shows that male-sterile cytoplasm exerts effects broader than 
those affecting pollen production or pollen fertility. 
The variables measured In these studies primarily reflected 
degree of larval feeding and establishment on leaf tissue of 
the host plant. Several authors have suggested that increased 
grain yield of male-sterile hybrids reflected differences In 
the supply of nitrogen and other nutrients. Sanford et al. 
(1965) reported differences in total nitrogen uptake between 
male-sterile and male-fertile inbreds and hybrids. Although 
they reported significant differences between hybrids In nitro­
gen uptake of tassels, ears and husks, they reported no signif­
icant differences in nitrogen uptake of leaves or stalks on 
any sampling date. Their earliest sampling dates included the 
stages of plant development of concern in these studies. 
Several authors, as summarized by Sarvella et aj. (1967) , 
have reported quantitative and qualitative differences in 
amino acid content of male-sterile plants of several species, 
when compared with normal or restored plants. However, most 
of these authors used meiosls as a reference point. Meiosis 
occurs at a stage of plant development subsequent to the stages 
concerned in these studies. Beck {1965) and others have 
pointed out that dietary requirements of larvae vary according 
to age, and that presence or absence of factors contributing 
to host plant resistance or larval survival and growth may 
vary according to stage of plant development and/or larval 
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feeding sites. Ortega and Triplehorn (1959) showed a relation­
ship between growth and survival of larvae and amount of 
nitrogen, Scott e_t al, (1965) presented evidence supporting 
the work of Ortega and Triplehorn (1959)-
Bonnett (1948) reported tassel initiation precedes ear 
initiation in corn and that anther initials are the first of 
the flower parts to differentiate. Hayward (1938) stated, 
"Regardless of its morphological origin, the tapetum 
serves as a nutritive layer for the developing micro­
spore mother cells and microspores, and it is more or 
less completely digested during the progress of their 
growth and maturation." 
Duvick (1965).  citing the work of Fukasawa (195^) and Khoo and 
Stinson (1957)f suggested that abortive microspores are unable 
to use alanine and asparagine, and perhaps for this reason 
these compounds accumulate in the anthers, possibly in tapetal 
cells. 
It is not clear at which sites or at what stage of plant 
development the sequence of biochemical events, culminating in 
production of sterile or fertile pollen, occur or begin. It 
is probable these events precede meiosis and that in the 
presence of male-sterile cytoplasm there is accumulation of 
amino acids and/or other nitrogenous compounds in tissues other 
than those associated with the developing staminate inflores­
cence. If these tissues include leaf tissues or other feeding 
sites of young larvae, it is possible that increased suscep­
tibility to leaf feeding by young larvae in the presence of 
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pollen-Sterile cytoplasm reflects the presence of additional, 
but minor, amounts of essential dietary compounds. 
Because larvae of the second generation use pollen as a 
source of dietary protein, it is suggested that effects of 
cytoplasmic pollen sterility and fertility restorer genes 
sources on the establishment and survival of larvae of the 
second generation be investigated. 
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SUMMARY AND CONCLUSIONS 
Field studies were used to determine effects of cyto­
plasmic male sterility and pollen fertility restorer genes on 
first-brood European corn borer resistance among different 
genotypes of hybrid corn. Results of six experiments obtained 
during four years are discussed. 
Resistance was measured by numerical leaf feeding ratings 
and counts of leaf midrib and sheath lesions. A nine-class 
scale of leaf feeding ratings was used, with class 1 most 
resistant and class 9 most susceptible. 
Entries were dent corn single crosses in which inbred 
tester-parents were represented in normal and Texas-type pollen-
sterile cytoplasm transferred from inbred Tx203cms. Male 
parents were recovered of pollen fertility restorer sublines of 
inbreds in which restorer genes source was inbred Txl27c or 
Ky21. Crosses of original nonrestorer, recurrent parents with 
the tester-parents also were included. 
No major differences in first-brood resistance were 
detected because of effects of male-sterile cytoplasm or 
restorer genes sources. Statistically significant differences 
were detected in resistance ratings because of these factors. 
Similar differences, generally, were not detected in lesion 
counts. 
Single crosses involving recovered restorer sublines 
showed increased resistance when compared with single crosses 
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using the original nonrestorer, recurrent parents. Increased 
resistance of the recovered restorer sublines was not constant 
over recurrent parents or years. Little evidence was obtained 
supporting selection of one restorer genes source over another. 
Variation in resistance among recovered restorer sublines of 
particular recurrent parents supports the suggestion that vari­
ation in length of chromosome segment from the nonrecurrent 
parent, still linked with the restorer locus, may have been an 
important factor. 
In four of the six experiments significant differences in 
resistance ratings were detected because of main effects of 
cytoplasms. The data consistently confirmed increased suscep­
tibility to leaf feeding in the presence of pollen-sterile 
cytoplasm. Significant interactions of testers x cytoplasms, 
recurrent parents x cytoplasms and restorer sources x cyto­
plasms were detected. These interactions were not constant 
over years. Significant interactions of recurrent parents x 
cytoplasms and restorer sources x cytoplasms reflected magni­
tude of differences, rather than shifts in direction of 
increased susceptibility. 
It was concluded that heterozygosity at the restorer loci 
had no effect on differences between male-sterile and fertile 
cytoplasms. 
Tests of the Interactions, genotypes (single crosses) x 
cytoplasms and years x genotypes x cytoplasms, detected no 
significant differences. It was concluded that effects of 
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Interactions of individual tester and recurrent parents with 
cytoplasms would be diluted when these parents were combined 
In single crosses. Effects attributed to additive gene action 
and dominance effects of the recurrent parents were observed 
in some years but not in others. Differences between years 
were attributed to reduced larval establishment and survival 
rather than effects of restorer and cytoplasm mechanisms, 
per se. 
Differences due to effects of restorer sources and cyto­
plasms partly were a function of experimental precision. It 
was judged that these differences would be compensating and 
would have little effect on hybrids incorporating both Texas-
type male-sterile cytoplasm and restorer genes from Txl27c or 
Ky21. Increased susceptibility to leaf feeding may be expected 
in corn genotypes incorporating only male-sterile cytoplasm. 
The possibility was discussed that Increased suscepti­
bility, in the presence of male-sterile cytoplasm, reflected 
presence of additional nutrients essential to larval growth 
and survival. 
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Table Al. Kean resistance ratings obtained in I961 for four 
recurrent parents used in single crosses involving 
two restorer genes sources and inbred tester WF9 
in normal and Texas-type pollen sterile cytoplasm 
Mean resistance ratin# 
Pedigree N cytoplasm T cytoplasm 
WF9 X (KY21 X 187-^ 7)_44l_2 6.80 6.86 
-6 6.69 7.19 
-8 6.81 7.19 
-442-1 7.01 7.09 
-4 7.01 7.21 
-5 6.96 7.04 
-6 7.00 6.99 
WF9 X 187-2 7.03 7.09 
WF9 X (Ky21 X 86?) 1 C
O 1 6.51 6.31 
-3 6.47 6.44 
-4 6.34 6.67 
-5 6.53 6.51 
-8 6.30 6.50 
-390-2 6.10 6.44 
-3 6.23 6.21 
-4 6.56 6.49 
-5 6.59 6.46 
-7 6.56 6.36 
WP9 X B6 6.59 6.50 
WF9 X (KY21 X Ml^? )-361-1 6.96 6.70 
-3 6.71 6.87 
-4 6.56 6.61 
-362-3 6.81 6.71 
-5 6.49 6.56 
-363-1 6.71 6.81 
-2 6.80 6.76 
-4 6.61 6.70 
-364-1 6.39 6.46 
-2 6.73 6.63 
-3 6.59 7.11 
-4 6.76 6.53 
6.64 6.67 
WF9 X KL4 6.31 6.30 
WF9 X (KY21 X HY7). -46l-3 6.31 5.97 
-4 5.73 6.16 
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Table Al. (Continued.) 
Mean resistance rating 
Pedigree N cytoplasm T cytoplasm 
-464-1 6.33 6.34 
-2 6,41 6.17 
-3  6 .06 3.90 
-4 6.61 6.16 
-467-1  6.24 6 . 33  
WF9 X Hy 6.34 5'94 
KF5 X (Txl27c X Hy7)-719 6.26 6.26 
-720 6.13 6.29 
-721 6.59 5.87 
-722 5.97 6.01 
-723 6.40 6.14 
-725 6.16 6.16 
-726 6.49 6.40 
-727 6.50 6 .36  
-729 6 .14  6 .20 
-732 6.53 6.39 
WF9 X Hy 6.43 6 .19  
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Table A2. Mean number of lesions obtained in 1962 for inbred 
recurrent parent Hy used in single crosses involv­
ing two restorer genes sources and inbred tester 
WP9 in normal and Texas-type pollen-sterile cyto­
plasm 
Mean number lesions 
Pedigree N cytoplasm T cytoplasm 
WF9 X (Txl27c X Ey7)-18-2-1 2.99 3.59 
-2 4.00 3.94 
-3 2.74 3.11 
-4 3.71 3.07 
-5 2.64 3.16 
WF9 X Hy 3.04 2.93 
WF9 X (Ky21 X Hy7)-ls-2-l 3.43 3.77 
-2 3.21 3.39 
-3 3.10 2.86 
-4 3.14 3.60 
-5 3.67 3.49 
WF9 X Hy 3.17 3.04 
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Table A3. Mean number of lesions obtained in I962 for four 
recurrent parents used in single-crosses involv­
ing restorer genes source Ky21 and inbred tester 
WP9 in normal and Texas-type pollen-sterile cyto­
plasm 
Mean number lesions 
Pedigree N cytoplasm T cytoplasm 
%F9 X (Ky21 X B6^)—4s-2—1 4.19 3.96 
-3 4.00 4.36 
-8 4.53 4.61 
-68-2-1 4.19 4.61 
-2 4.34 4.30 
WF9 X B6 4.11 4.01 
WF9 X (Ky21 X Hy?)-18-2-1 3.96 3.61 
-2 3.26 3.50 
-3 3.94 3.81 
-4 3.36 3.00 
-5 3.99 3.46 
WF9 X Hy 
. 
3.21 . 3.86 
WF9 X (Ky21 X Ml47)-7s-l-l 4.89 5.30 
-2 4.50 4.67 
-3 4.43 4.47 
-4 5.34 4.50 
-7S-2-3 4.81 4.37 
WP9 X Kl4 4.83 4.33 
WF9 X (Ky21 X B37?)-ls-4-3a 5.09 5.16 
-ls-5-3a 5.74 5.94 
-4s-j-3b 6.11 5.61 
-7a 6.14 5.63 
-8a 6.61 6.34 
WF9 X B37 5.51- 5.40 
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Table A4. Mean number of lesions obtained in 1962 for two 
recurrent parents used in single crosses involv­
ing restorer genes source Txl?7c and inbred 
tester WF9 in normal and Texas-type pollen-sterile 
cytoplasm 
Mean number lesions 
Pedigree N cytoplasm T cytoplasm 
WF9 X (Txl27c X Oh4l7)-ls-l-l 3.13 2.74 
—1s—2—1 2.43 3.30 
-2 3.37 3.50 
-3 2.86 3.13 
-4 2.90 2.67 
tvF9 X Oh4l 3.17 2.99 
WF9 X (Txl27c X Hy7)-l5-2-l 3.81 4.06 
-2 4.29 4.50 
-3 3.97 4.24 
-4 4.33 4.71 
-5 3.43 3.94 
WF9 X Hy 4.00 4.00 
9 
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Table A5. Mean resistance ratings obtained in I963 for four 
recovered pollen fertility restorer lines, each 
with two restorer sources, and their recurrent 
parents in single crosses with four inbred line 
testers, each with pollen-sterile and normal 
cytoplasm 
Pedigree 
OhJlA X (Txl27c X Mlk?) 
X (Ky21 X M1^7) 
X mi4 
X (Txl27c X HyO 
X (Ky21 X Hy?) 
X Hy 
X (Txl27c X 3l40 
X (Ky21 X B147) 
X B14 _ 
X (Txl27c X 38-110 
X (Ky21 X 38-11?) 
X 38-11 
Oh43 X (Txl27c X M147) 
X (Ky21 X M147) 
X Kl4 
X (Txl27c X Hyf) 
X (Ky21 X Hy?) 
X Hy 
X (Txl27c X Bl4') 
X (Ky21 X Bl47) 
X B14 
X {Txl27c X 38-I1O 
X (Ky21 X 38-11?) 
X 38-11 
WF9 X (Txl27c X M1^7) 
X (Ky21 X M147) 
X Ml4 
X (Txl27c X Hy') 
X (Ky21 X Hy7j 
X Ky 
, X (Txl27c X BlUY) 
X (Ky2: X B14?) 
X Bl4 
X (Txl27c X 38-11?) 
X (Ky21 X 38-11?) 
X 38-11 
Kean resistance rating 
N cytoplasm T cytoplasm 
6.0k 6.33 
5.76 6.13 
6.20 6,56 
5.17 5.20 
5.2k 5.36 
5.24 5.21 
5.69 5.47 
<.74 5.63 
5.94 5.91 
6.21 6.07 
5.69 6.00 
5.93 6.00 
5.30 5.69 
5.50 5.54 
5.89 6.01 
4.16 4.41 
4.16 4.27 
4.31 4.23 
5.27 4.90 
4.69 4.93 
5.13 5.30 
4.87 5.01 
4.83 5.34 
5.36 5.47 
7.61 7.71 
7.74 7.60 
7.63 7.91 
6.06 6.19 
6.19 6.24 
6.10 6.23 
7.03 7.09 
7.14 7.20 
7.34 7.20 
7.26 7.37 
7.01 7.31 
6.96 7.19 
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Table A5. (Continued) 
Mean resistance rating 
Fed igree K cytoplasm T cytoplasm 
CI.31A x (Txl27c X M147) 4.47 4.30 
X (Ky21 X M147) 4.21 k.36 
X 
X Hy?) 
4.23 4.26 
X (Txl27c 3.94 4.29 
X (Ky21 X Hy?) 4.27 4.01 
X Hy 
(Txl27c X 514?) 
3.94 3.96 
X 4.31 4.46 
X (Ky2l X B147) 4.57 4.60 
X 314 
X 38-11?) 
4.86 4.47 
X (Txl27c 4,06 4.11 
X (Ky21 x 36-11?) 3.?6 3.81 
X 36-11 4.06 3.86 
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Table A6. Mean number lesions obtained in 1963 for four 
recovered pollen fertility restorer lines, each 
v;ith two restorer sources, and their recurrent 
parents in single crosses with four inbred line 
testers, each with pollen-sterile and normal 
cytoplasm 
Mean number lesions 
Pedigree K cytoplasm T cytoplasm 
Oh51A X (Txl27c X K147) 3.50 ].74 
X (Ky21 X M147) :)X)6 3.46 
x Kl4 3.60 3.89 
X (Txl27o X Ky?) 3-53 2.3? 
X (Ky21 X Hy7) 2.89 2.84 
x Ky 2,48 2.84 
x (Txl27c x B14/) 3.IR 2.62 
x (Xy21 x B147) 3.02 2.48 
x Bl4 r 2.88 3.16 
x (Txl27c x 30-11') 3.39 3.50 
x (Ky21 x 38-ll7) 2.98 3.00 
x 38-11 2.99 2.64 
Oh43 x (Txl27c x Kl47) 3.6o 3.65 
x (Ky21 x M147) 3.77 3.36 
X M14 ^ 3.45 3.95 
x (Txl27c x Hy7) 2.48 2.49 
x (Ky21 x Ky7) 2.74 2.68 
x Hy 2.94 2.43 
X (Txl27c X B147) 3.20 2.66 
X (Ky21 X Bi47) 2.57 2.87 
X Bl4 ^ 2.90 2.98 
x (Txl27c x 38-110 2.79 2.76 
X (Ky21 X 38-117) 2.64 2.94 
X 38-11 3.32 2.87 
WF9 X (Txl27c X M147) 4.6O 4.74 
X (Ky21 X M147) 5.68 5.09 
X m4 4.67 5.27 
x (Txl27c x Hy7) 3.33 3.25 
x (Ky21 x Hy7) 3.92 3.49 
X Hy 3.71 3.57 
X (Txl27c X B140 3.66 4.11 
X (Ky21 X B147) 4.72 4.37 
X B14 5.07 4.47 
X (Txl27c X 38-ll7) 4.43 4.55 
X (Ky21 X 38-11?) 4.13 it.83 
X 38-11 4.55 4.65 
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Table A6. (Continued) 
Pedigree 
CI.31A X (Txl27c X Mlk?) 
X (Ky21 X 
X 
X (Txl27c X Iiy7) 
X (Ky2l X liy7) 
* Hy 
X (Txl27c X B147) 
x (KyZl x b147) 
x D14 n 
X (Txl27c X 38-117) 
X (Ky2l X 38-117) 
X 36-11 
Mean number lesions 
K cytoplasm T cytoplasm 
2.90 2.04 
2.33 2.21 
2.<3 2.01 
2.10 2.57 
2.36 2.44 
2.47 2.14 
2.91 2.42 
2.41 2.69 
2.43 2.26 
2.22 2.06 
2.11 1.97 
2.66 I. s5  
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Table A/. Mean ctarid counts obtained in 19^-3 for four 
recovered pollen fertility restorer lines, each 
with two restorer sources, and their recurrent 
parents in single crosses with four inbred line 
testers, each with pollen-sterile and normal 
cytoplasm 
Mean s tand 
Pedigree N cytoplasm T cytoplasm 
OhjlA X (Txl?7c X Kli|7) 
X (Ky21 X Kl47)  
X K14 
X (Txl 27c X KyO 
X (Ky21 X Hy?) 
X Hy n 
X {Txl27c X Bl4/) 
X (Ky21 X B147) 
X 514 
X (Txl27c X 38-110 
X (Ky2l  X 38 - 1 1 ? )  
X 38-11 
Ch43 X (Txl27c X K147) 
X (Ky21 X M147) 
X Ml4 
X (Txl27c X Hy?) 
X (Ky21 X Hy?) 
X Hy 
X (Txl27c X B140 
X (Ky21 X B147) 
X Bl4 
X (Txl27c X 38- l l7)  
X (Ky21 X 38-117) 
X 38-11 
WF9 X (Txl27c X M147) 
X (Ky21 X M147) 
X Ml4 
X (Txl27c X Hy7) 
X (Ky2l xHy7) 
X Hy 
X (Txl27c X B147) 
X (Kv21 X B147) 
X B14 
X (Txl27c X 38- l l7)  
X (Ky21 X 38-1i7) 
X 38-11 
10.0 10.0 
10.0 10.0 
10.0 9.9 
8.9 8.1 
8.1 7.9 
8.4 G.7 
8.3 7.1 
9.7 9.6 
9.0 8.6 
7.9 8.9 
8.4 8.7 
8.9 9.0 
10.0 9.9 
9.7 10.0 
9.6 9.9 
6.3 6.1 
6.3 6.7 
5.3 8.7 
6.4 7.6 
7.0 7.4 
6.3 6.7 
8.3 8.4 
8.7 9.6 
8.0 9.0 
10.0 9.7 
9.6 9.7 
9.6 9.9 
7.9 7.4 
8.3 6.4 
8.0 7.6 
6.3 8.3 
8.0 7.7 
7.1 7.3 
8.1 8.0 
6.7 8.4 
8.9 8.0 
165 
Table A7. (Continued) 
Mean stand 
Pedigree N cytoplasm T cytoplasm 
CI.31A X (Txl27c X M147) 
X (Ky21 X Ml47) 
X 
X (Txl27c X Hy7) 
X (Ky21 X Hy7) 
X Hy 
X (Txl27c X B147) 
X (Ky2l X B147) 
X Bl4 
X (Txl27c X 38-117) 
X 38-11 
10 .0  10.0 
10.0 10.0 
10.0 10.0 
9.7 9.7 
9.4 9 .9  
10.0 10.0 
9.9 9.7 
10.0 9 .9  
10.0 10.0 
9 .9  10.0 
10.0 9 .9  
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Table A8. Mean resistance ratings obtained in I96M for four 
recovered pollen fertility restorer lines, each 
with two restorer sources and their recurrent 
parents in single crosses with four inbred line 
testers, each with pollen-sterile and normal 
cytoplasm 
Mean resistance rating 
Pedigree K cytoplasm T cytoplasm 
Oh5lA X (Txl27c X Ml47) 
X (Ky21 X 
X Kl4 
X (Txl27c X Hy') 
X (Ky21 X Hy?) 
X Hy 
X {Txl27c X Bl4/) 
X (Ky21 X 814?) 
x Bl4 
x (Txl27c x 38-11?) 
X (Ky21 X 38-117) 
X 38-11 
Oh43 X (Txl27c X M147) 
X (Ky21 X Ml47) 
X 
X (Txl27c X Hy?) 
X (Ky21 X Hy7) 
X Hy 
X (7xl27c X BI4/J 
X (Ky21 X 514?) 
X Bl4 
X (Txl27c X 38-11?) 
X (Ky21 X 38-ll7) 
X 38-11 
WF9 X (Txl27c X K147) 
X (Ky21 X Kl47) 
X Ml4 
X (Txl27c-X Hy7) 
X (Ky21 X Hy?) 
X Hy 
X (Txl27c X BlUO 
X (Ky21 X 814?) 
X B14 
X (Txl27c X 38-11?) 
x (Ky21 x 38-11?) 
X 38-11 
6.53 6.23 
6.18 6.23 
6.27 6.08 
5.60 5.40 
5.30 5.62 
5.38 5.62 
5.08 4.97 
5.13 5.28 
5.45 5.23 
5.82 5.17 
5.42 5.53 
5.75 5.57 
4.98 5.27 
5.02 5.23 
5.10 4.95 
4.05 4.07 
4.18 4.57 
4.20 4.60 
4.23 4.33 
3.97 4.25 
4.38 4.50 
4.45 5.00 
4.43 4.53 
4.67 4.57 
7.15 6.87 
7.28 7.02 
6.90 6.85 
5.95 6.18 
6.42 6.67 
6.68 6.37 
6.22 6.30 
6.22 6.32 
6.30 6.13 
6.57 6.28 
6.48 6.33 
6.30 6.23 
Table AG. (Continued) 
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Keen resistance rating 
Pedigree N cytoplasm T cytoplasm 
CI.31A X (Txl2?c X M147) '4,15 k.03 
X (Ky21 X K147) 3J# 3.90 
x 3.55 4.08 
y. (Txl27c X Ky7) 3*07 3.13 
X (Ky21 X Hy7) 3-15 3.05 
x Hy ^ 3.28 3.j7 
X (Txl27c X Bl4') 3.48 3.45 
x (Ky21 x Bl47)  ;Lj)2 3.46 
x Bl4 ^ 3.38 3.62 
x (Txl27c x 38-ll7) 3.17 2.97 
X (Ky2l X 38-11?) 2.67 2.82 
X 38-11 2.92 3.00 
